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STUDIES OF COPROPHILOUS ASCOMYCETES 
VI. SPECIES FROM THE HUDSON BAY AREA! 


Roy F. Cain 


Abstract 


A total of 26 species of coprophilous ascomycetes are recorded from the 
Hudson Bay Area in the following genera: Anixiopsis, one; A scobolus, one; Conio- 
chaeta, two; Delitschia, two; Gelasinospora, one; Gymnoascus, one; Melanospora, 
one; Phaeotrichum, one; Sordaria, five; Sphaeronaemella, one; Sporormia, nine; 
Trichodelitschia, one. Sordaria arctica Cain sp. nov., collected on the dung of 
wolf or fox at Churchill, Manitoba, and isolated in pure culture, differs from 
S. humana in having smaller ascospores which are without a gelatinous sheath. 
Sporormia polymera Cain sp. nov., collected on the dung of caribou in Ungava, 
Quebec, has large ascospores with 14 to 15 cells. Amixiopsis stercoraria collected 
on fox dung in Quebec agrees morphologically with specimens collected in Ontario 
and obtained in pure culture as well as with the description of the Danish 
specimens given by Hansen. Specimens described by Stolk in 1955 from Peru 
are specifically different from the above and are redescribed as Anixiopsis 
peruviana Cain sp. nov. 


Introduction 


Very little information is available regarding the species of coprophilous 
fungi from arctic regions. 

In 1904, Rostrup (9) listed seven species from Greenland as follows: 
Sordaria aviaria, Sporormia heptamera, Sporormia intermedia, Sporormia 
octomera, Ascobolus furfuraceus, Lasiobolus equinus, and Ryparobius hyali- 
nellus. In 1910, Lind (6) added Gymnoascus reessii to the Greenland list. 

I have examined a number of collections of dung from the Ungava Bay 
area and Lake Mistassini, Quebec, Cornwallis Island, N.W.T., and Churchill, 
Manitoba, from which 26 species have been identified. 

The specimens have been deposited in the Cryptogamic Herbarium, 
University of Toronto (TRTC). 


List of Species 


Anixiopsis stercoraria (Hansen) Hansen 

Quebec: on dung of fox, Couture Island, Lake Mistassini, July 18, 1944, 
Rousseau and Rouleau, developed in laboratory, Toronto, July 17, 1946. 
(TRTC 32262.) 

1Manuscript received January 3, 1957. 

Contribution from the Department of Botany, University of Toronto, Toronto, Ontario. 


This study was carried out with the assistance of a grant in aid of research furnished by the 
University of Toronto. 


Can, J. Botany, 35 (1957) 
[The previous number of Can. J. Botany (35, 133-253) was issued April 3, 1957.] 
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Ontario: on dung of raccoon, Nashville, York Co., Oct. 23, 1955. Cain. 
Cultured. (TRTC 31641.) 
See ‘‘Descriptions of Species’’ below. 


Ascobolus stercorarius (Bull.) Schroet. 
Quebec: on dung of Canada goose, Eighth Fall, Mogaluk River, about 34 
miles from Hudson Bay, Ungava, July 21, 1948, Rousseau. 


Coniochaeta discospora (Auersw.) Cain 

Quebec: on dung of ptarmigan (probably willow ptarmigan), on sand flats, 
Riviere Korok, about 32 miles from Korok Bay, Ungava, July 26, 1951, 
Rousseau. On caribou dung, Payne River at outlet of Payne Lake, 73° 27’ 
W. long., Ungava, Aug. 5, 1948, Rousseau, developed in laboratory, Toronto, 
June 3, 1949. On dung of white partridge, esker near Lake Kopateokash, 
55° 9’ N. lat., Ungava, July 19, 1947, Rousseau. On dung of rock ptarmigan, 
Baie du Poste, River George, 58° 31’ N. lat., Ungava, Rousseau. On dung 
of rock partridge, Kopaluk Bay, estuary of River George, 58° 30’ N. lat., 
Aug. 11, 1947, Rousseau. 


Coniochaeta leucoplaca (Berk. & Rav.) Cain 
Quebec: on dung of arctic hare, Payne Bay Post, 70° 1’ W. long., Ungava, 
Aug. 15, 1948, Rousseau, developed in laboratory, Toronto, June 13, 1949. 


Delitschia auerswaldii Fuckel 
Quebec: on dung of arctic hare, Payne Bay Post, 70° 1’ W. long., Ungava, 
Aug. 15, 1948, Rousseau, developed in laboratory, Toronto, June 13, 1949. 


Delitschia marchalii Berl. & Vogl. 
Quebec: on dung of arctic hare, Payne Bay Post, 70° 1’ W. long., Ungava, 
Aug. 15, 1948, Rousseau, developed in laboratory, Toronto, June 13, 1949. 


Gelasinospora tetrasperma Dowding 

Quebec, Lake Mistassini: on dung of Canada goose, Piéwi Island, July 19, 
1946, Rousseau. On dung of birch partridge, Ayikwafit Peninsula, June 
20-21, 1947, Rousseau, developed in laboratory, Toronto, March 4, 1948. 
On dung of ptarmigan, Couture Island, July 18, 1944, developed in laboratory, 
Toronto, June 17, 1946. On dung of ptarmigan, Marie-Victorin Island, 
July 15, 1944, Rousseau and Rouleau, developed in laboratory, Toronto, 
June 17, 1946. On dung of hare, Murray Island, July 25, 1944, Rousseau 
and Rouleau, developed in laboratory, Toronto, July 17, 1946. On dung 
of spruce partridge, [lot des Squelettes, July 27, 1944, Rousseau and Rouleau. 


Gymnoascus reessii Baranetzky 

Quebec: on dung of Canada goose, Piéwi Island, Lake Mistassini, July 19, 
1946, Rousseau, developed in laboratory, Toronto, May 11, 1949. Reported 
by Lind (6) from Greenland, on dung of lemming. 


Melanospora fimbriata (Rostrup) Petch 


Quebec: on dung of birch partridge, Ayikwafit Peninsula, Lake Mistassini, 
June 20, 1947, Rousseau, developed in laboratory, Toronto, March 4, 1948. 
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Phaeotrichum circinatum Cain 

Quebec: on dung of lemming, Povonituk Post, east shore of Hudson Bay, 
Ungava, July 15, 1948, Rousseau, developed in laboratory, Toronto, June 
13, 1949. On dung of lemming, Payne River at the outlet of Payne Lake, 
73° 27’ W. long., Ungava, Aug. 5, 1948, Rousseau. On dung of lemming, 
First Fall of Mogaluk, 20 miles from Hudson Bay, Ungava, July 20, 1948, 
Rousseau, developed in laboratory June 1949. 

For description and illustrations see Cain (1). 


Sordaria arctica Cain sp. nov. 

Manitoba: on dung of wolf or fox in tundra, Churchill, June 1955, D. M. 
Wood. 

See ‘Descriptions of Species” below. 


Sordaria fimicola (Rob.) Ces. & DeNot. 

Manitoba: on dung of wolf or fox in tundra, Churchill, June 1955, D. M. 
Wood. 

Quebec: on dung of lemming, Eighth Fall of Mogaluk River, about 34 
miles from Hudson Bay, Ungava, July 21, 1948, Rousseau, developed in 
laboratory, Toronto, June 2, 1949. On dung of fox, Couture Island, Lake 
Mistassini, July 18, 1944, Rousseau and Rouleau, developed in laboratory, 
Toronto, June 14, 1946. On dung of caribou, Mt. Pyramid, 57° 30’ N. lat., 
Ungava, Rousseau, Aug. 5, 1947. 


Sordaria macrospora Auersw. 

Quebec: on dung of ptarmigan, Couture Island, Lake Mistassini, July 18, 
1944, Rousseau and Rouleau, developed in laboratory, Toronto, June 17, 
1946. On dung of hare, Murray Island, Lake Mistassini, July 15, 1944, 
Rousseau and Rouleau, developed in laboratory, Toronto, July 17, 1946. 


Sordaria maxima Niess| 
Quebec: on dung of arctic hare, Payne Bay Post, 70° 1’ W. long., Ungava, 
Aug. 15, 1948, Rousseau, developed in laboratory, Toronto, June 13, 1949, 


Sordaria tetraspora Winter 


Quebec: on dung of caribou, esker east of River George, 55° 9’ N.lat., 
Ungava, July 19, 1947, Rousseau. 


Sphaeronaemella fimicola Marchal 

Quebec: on dung of wolf, near Mt. Pyramid, 57° 30’ N.lat., Ungava, 
Aug. 5, 1947, Rousseau. 

This and other collections from Ontario agree in habitat and description 
with that given by Marchal except that this author did not describe the asci 
and mistook the ascospores for conidia. The conidial stage is a Fusidium. 
For description and illustrations see Cain and Weresub (3); Pease (8) des- 
cribed a very similar fungus, which differs, however, in its habitat on decaying 
cucurbit fruits and in various morphological features such as shape and size 
of ascospores and conidia. 
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Sporormia australis Speg. 

Quebec: on dung of fox (red or white), on the rim of Ungava Crater, Ungava, 
Aug. 15, 1951, Rousseau. On dung of arctic hare, Payne Bay Post, 70° 1’ 
W. long., Ungava, Aug. 15, 1948, Rousseau. On dung of arctic hare, Iles 
Naujats, Ungava Bay near George River, 58° 48’ N. lat., 66° 33’ W. long., 
Ungava, Aug. 17, 1947, Rousseau. 


Sporormia corynespora Niessl 
Quebec: on dung of arctic hare, Payne Bay Post, 70° 1’ W. long., Ungava, 
Aug. 15, 1948, Rousseau. 


Sporormia fimetaria DeNot. 
Quebec: on dung of arctic hare, Payne Bay Post, 70° 1’ W. long., Ungava, 
Aug. 15, 1948, Rousseau, developed in laboratory, Toronto, June 13, 1949. 


Sporormia intermedia Auersw. 

Northwest Territories: on dung of muskox, Cornwallis Island, Aug. 1, 
1949, Jean Mecheer, comm. Rousseau. 

Quebec: on dung of caribou, George River, Racicot Rapids, 55° 1’ N. lat., 
Ungava, July 17, 1947, Rousseau. Reported by Rostrup (9) from Greenland 
on dung of goose. 


Sporormia leporina Niessl 

Quebec: on dung of dog, Ilot des Squelettes, Lake Mistassini, July 27, 
1944, Rousseau and Rouleau, developed in laboratory, Toronto, July 17, 
1946. 


Sporormia octomera Auersw. 

Quebec: on dung of ptarmigan (probably willow ptarmigan), on sand flats, 
River Korok, about 32 miles from Korok Bay, Ungava, July 26, 1951, Rous- 
seau. On dung of ptarmigan, Ile Kapchahipachich, Lake Mistassini, July 
24, 1946, Rousseau. Reported by Rostrup (9) from Greenland, on dung of 
goose. 


Sporormia polymera Cain sp. nov. 
Quebec: on dung of caribou, esker east of George River, 55° 9’ N.lat., 
Ungava, July 19, 1947, Rousseau. 


Sporormia venusta Cain 
Quebec: on dung of caribou, esker east of George River, 55° 9’ N.|lat., 
Ungava, July 19, 1947, Rousseau. 


Sporormia vexans Auersw. 
Quebec: on dung of deer, Lake Ouareau, May 1952. Rousseau. 


Trichodelitschia bisporula (Crouan) Munk 

Quebec: on dung of birch partridge, Ayikwafit Peninsula, Lake Mistassini, 
June 21, 1947, Rousseau, developed in laboratory, Toronto, May 11, 1948. 
On dung of caribou, Mt. Pyramid, 57° 30’ N. lat., Ungava, Aug. 5, 1947, 
Rousseau. On dung of caribou, George River, Racicot Rapids, 55° 1’ N. 
lat., Ungava, July 17, 1947, Rousseau. 
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Description of Species 


Anixiopsis stercoraria Hansen 

Illustrations: Bot. Zeit. 55: Pl. 2. Fig. 8. 1897. Ann. Bot. 16: Pl. 4. Figs. 
27-28. 1902. 

Mycelium spreading rapidly on various media at room temperature, white, 
cottony, with thin, indefinite margin. Aerial hyphae forming fairly thin 
compact layer, hyaline, delicate, branching, mostly 2-3 wu (rarely up to 6 mu) 
in diameter. Conidia fairly numerous on undifferentiated aerial hyphae, 
variable in size and shape but mostly 8-18 X 3-5 yu, usually pyriform to 
ovate, terminating main hyphae or more commonly short side branches, 
less frequently in an intercalary position, solitary or with one to four smaller, 
narrower, and less pyriform cells adjoining the larger, sometimes remaining 
in short chains though usually readily separating at septa. Wall of conidium 
hyaline, smooth, slightly thickened, distinctly thicker than hyphal wall. 

Ascogonia scattered on mycelium, subglobose to slightly elongated and 
curved, 10-15y in diameter, with a small basal cell from which a slender 
hypha is developed to grow beside and closely attached to the ascogonial 
cell and branching to form the peridium. No coiled ascogonial filament. 
Perithecium globose, 250-350 uw, brownish, smooth, superficial, scattered or 
more commonly aggregated or heaped in dense clusters, usually embedded in 
dense white tomentum of aerial hyphae. No ostiole. Peridium thin, fragile 
when dry, light brown, lighter in color than spore mass, breaking irregularly; 
peridial cells rather angular, 4-10 uw in diameter, semitransparent, with wall 
about 0.6 w in thickness. Asci subglobose to obovate, eight-spored, 12-15 u 
in diameter, thin-walled, evanescent, without definite orientation. No para- 
physes seen. Ascospores discoid, 4.8-5.6 X 4.8-5.6 X 3.3-3.8 w (including 
spines), distinctly echinulate with numerous small spines, fairly dark yellowish- 
brown, conglobate in globose mass. Spore mass by reflected light, “‘mars 
yellow”, “raw sienna”’, or ‘‘antique brown” (Ridgway), about 7.5 YR 5.5/7.0 
(Munsell) darker than peridium. 

Described by Hansen (4) as Eurotium stercoraria and later (5) as Anixi- 
opsis stercoraria; collected on dung of fox, Jutland, Denmark, Aug. 1874; 
cultured in 1895. Reported by Massee and Salmon (7) from England; 
collected on owl-castings, Kew, July 1901. 

The conidia are developed as the swollen ends of hyphae, with the frequent 
formation of septa at irregular distances below the terminal cell so that they 
may be single or in short moniliform chains. The subterminal cells in the 
chain are usually smaller, narrower, more irregular in length, and less swollen 
than the terminal ones. They are also developed singly or in short chains in 
an intercalary position in various parts of the aerial hyphae. In shape and 
manner of formation, the terminal conidia resemble those produced by species 
of Ctenomyces, Trichophyton, and Monosporium. 

The specimens from Ontario and Quebec agree closely in habitat and 
' morphology with the type collection of Anixiopsis stercoraria from Denmark. 
The only point of distinction is that the ascospores do not show the angular 
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feature mentioned by Hansen. The Ontario collection was obtained in pure 
culture. Perithecia have been produced in abundance on Leonian + yeast 
extract agar but not on V-8 vegetable juice agar. 

Miss Stolk has forwarded to me a culture obtained from nematode cysts 
collected in Peru. This was described and illustrated by Stolk (10), who 
referred it to Anixiopsis stercoraria. In the same publication several points 
of distinction between the Peru culture and the description of Anixiopsis 
stercoraria given by Hansen were noted. A comparison of the two cultures 
shows that they represent two entirely different species. The culture from 
Peru is redescribed as Anixiopsis peruviana sp. nov. In the latter species 
the ascospores are much smaller and lighter in color, the perithecial peridium 
is much darker, and there are no conidia of the type found in the other species. 

The ascogonium in the Ontario culture of Anixiopsis stercoraria is completely 
different from that of A. peruviana. In the former, it is subglobose with a 
basal cell from which a slender lateral branch develops. This branch is 
separated by a septum and grows upwards in close contact with the ascogonial 
cell, and then, by additional branching and septa formation, forms a pseudo- 
parenchymatous peridium. Whether this branch fuses with the ascogonium 
has not been determined, but in any case, it is not an antheridium nor is it to 
be regarded as a distinct male structure. It is possible that a fusion takes 
place between this branch and the ascogonial cell, in which case the branch 
could contribute additional types of nuclei to the ascogonium providing these 
are present in a heterozygous condition in the mycelium. Whether the 
species is physiologically heterothallic has not been determined. If so, it 
would be necessary to find out whether hyphal fusions are possible between 
hyphae of the intersterile mating types. There are no spermatia and asco- 
gonial trichogynes have not been observed. If a heterozygous condition of 
the nuclei is present in the ascogonium it is probable that the somatogamy 
takes place by means of hyphal fusions on the mycelium. However, the 
fusion of the ascogonial cell with another hypha containing a different type 
of nucleus is not ruled out. The species has no male structures. The conidia 
are thalloid in type since they are produced in an intercalary position or as 
the swollen ends of hyphae. 


Anixiopsis peruviana Cain sp. nov. 

Illustrations: Antonie Leeuwenhoek 21: 65-71. Figs. 1-4. 1955, as Anixi- 
opsis stercoraria Hansen. 

Mycelium in culture, white, spreading slowly (colony diameter 2—3.5 cm. 
in 2 months), with thick, aerial, lanose layer on both Leonian — yeast extract 
agar and V-8 agar, some sectors with dark perithecia and little mycelium, 
hyphae hyaline, 1.0-2.5 w diameter (with swollen areas up to 6 uw), reverse 
of colony nearly black on both media mentioned above; on Leonian — yeast 
extract agar, an olivaceous color diffuses through entire tube. Perithecia 
cleistocarpous, dark-brown, almost black when dry, in some areas produced 
beneath aerial mycelium, in others, forming a dense, superficial layer on 
surface of agar with little aerial mycelium, globose, glabrous except for 
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scanty attachments to aerial hyphae, 200-350 w diameter on Leonian — yeast 
extract agar, 140-220 uw diameter on malt, cherry, rice, and oatmeal—dung 
agar. Peridium membranaceous, delicate, friable, completely enclosing asci, 
no definite opening or means of dehiscence; outer layer of cells, angular, thick- 
walled, reddish-brown, 5-10 yw diameter, 2-3 in radial section; inner layer of 
cells, thin-walled, hyaline, two or more in radial section, merging on inside 
with hyaline, pseudoparenchymatous, evanescent cells. Ascogenous hyphae 
mixed with parenchymatous cells, broad, irregular, branching, becoming 
densely lobate, the lobes being cut off by septa and developing into asci, no 
croziers seen. Asci in large, closely aggregated clusters, without definite 
orientation, subglobose, 6.5-8.0 X 5.5-6.5 yu, eight-spored, thin-walled, 
evanescent. Paraphyses scanty, filamentous, clustered, septate, 2-4 mw dia- 
meter, mixed with asci. Ascospores discoid, 2.5-3.0 XK 2.5-3.0 XK 2.0- 
2.5 yw, in globose mass, minutely echinulate, very pale yellow. Dry mass of 
ascospores powdery, light yellowish-brown. Chlamydospores globose to 
subglobose, hyaline, smooth, 8-10 yw, with wall slightly thickened, mostly 
terminal, scattered on hyphae, immersed in hyphal mat, not abundant. 
No other conidia or spermatia. 

Collection: culture received under the name Anixiopsis stercoraria from 
Centraalbureau voor Schimmelcultures, Baarn, isolated by Dr. P. A. van 
der Laan at Wageningen from cysts of Heterodera rostrochiensis Wollenw., 
collected from soil from potato fields near Huancayo, Sierre Central Peruana, 
Peru. (Type TRTC 32263, dried culture.) 

Mycelio niveo, lanoso, ex hyphis, 1.0-1.5y4 diam. composito. Neque 
conidia neque spermatia prolata. Chlamydosporis ascocarpis ab ascogoniis 
lateralibus dispersis in hyphis orientibus. Peritheciis dense aggregatis, 
superficialibus, globosis, 140-350 yw, levibus, atro-brunneis. Peridio ascocarpi 
tenui, membranaceo, non ostiolato. Cellulis externis peridii angulatis, 5-10 y, 
rufo-brunneis, crasse tunicatis; cellulis internis peridii hyalinis, tenuiter 
tunicatis. Asci 8-sporis, subglobosis, 6.5—8.0 K 5.5-6.5 mw, tenuiter tunicatis, 
evanescentibus, irregulariter dispositis. Paraphysibus exiguis, filiformibus, 
gregariis, septatis, 2-4 u diam. Ascosporis discoideis, 2.5-3.0 K 2.5-3.0 X 
2.0-2.5 uw, conglobatis, minute echinulatis, pallide luteolis. _Chlamydosporis 
globosis vel subglobosis, 8-10 mw diam., hyalinis. 

This species is placed provisionally in the genus Anixiopsis until more 
information is available concerning the significance of various features which 
distinguish it from the type species, such as different shape of ascogonium, 
color of perithecial peridium, color of ascospores, and conidial characteristics. 

The color of the perithecia in both fresh and dried condition by reflected 
light is much darker in A. peruviana than in A. stercoraria. When perithecia 
of the former are cut open, it is seen that most of the dark color is in the 
peridium and that the spore mass is very light gray to very light yellowish- 
brown. In the latter species the color of the perithecium is due mainly to 
the spore mass within. When broken open, the spore mass appears brownish 
and the peridium a lighter color. The ascogonium of A. peruviana is a coiled 
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filament as described by Stolk (10). The ascospores are much smaller and 
lighter in color than those of A. stercoraria. A. peruviana produces no conidia 
on the exposed aerial hyphae but has a few globose, mostly terminal chlamy- 
dospores embedded in the mycelial mat. 


Sordaria arctica Cain sp. nov. Figs. 1-7 

Mycelium in artificial culture spreading rapidly, mostly on surface of agar 
with some loose, cottony, aerial growth, white at first, becoming gray or 
very light brown. No conidia or spermatia produced. Ascogonia as side 
branches scattered on mycelium, coiled, becoming surrounded by branches 
from stalk and adjacent hyphae, developing into perithecia with pseudo- 
parenchymatous peridium, requiring about 10 days to maturity. 

Perithecia (Fig. 1) ovate, black, superficial or with base immersed in dung 
or agar, dispersed or aggregated in small clusters, 400-600 X 300-400 yn, 
bare except a few hyphae attached near base, with a very short, conical 
neck region, and circular ostiole at apex. Perithecial peridium (Fig. 2) 
dark-brown, membranaceous, consisting of rounded to somewhat angular 
cells with slightly thickened brown walls, measuring 8-15 uw in diameter. 
Asci (Figs. 5, 7) eight-spored, cylindrical, 200-250 X 16-20 yu, broadly rounded 
above, with a distinct thickened ring in the apex, tapered below to a stipe 
with a crozier at the base and measuring 40-100 w in length, forming a single, 
parallel fascicle attached to inner peridium at base of perithecium. Paraphyses 
(Figs. 3-5) filamentous, hyaline consisting of short, swollen cells measuring 
5-12 yw in diameter, not much mixed with asci, mostly in a layer between asci 
and peridium, merging with the hyaline inner peridium. Ascospores (Figs. 
5-7) uniseriate, subglobose,. 15-18 X 13-15 4, smooth, ranging through 
olivaceous to olivaceous-black and opaque, with a single, circular, basal 
germinal pore measuring 1.3 in diameter and projecting slightly. No 
gelatinous sheath surrounding ascospore. 

Collection: On dung of wolf or fox in tundra. Churchill, Manitoba, June 
1955. D. M. Wood. Isolated in pure culture. (Type TRTC 31521.) 

Mycelio arachnoideo, tenue, niveo, cano vel pallide brunneo, propere aucto. 
Neque conidia neque spermatia prolata. Ascocarpis ab ascogoniis lateralibus, 
tortis, irregularibus dispersis orientibus. Peritheciis ovatis, nigris, super- 
ficialibus vel basi partim immersis, dispersis vel in caespites aggregatis, 
400-600 X 300-400 uw, supra in collum brevum conicum attenuatis, ostiolis 
orbiculatis ad apicem praeditis; parietibus atro-brunneis, membranaceis. 
Cellulis parietis 8-15 w crassis, brunneis. Ascis octosporis, cylindraceis, 
200-250 X 16-20 uw, superne late rotundatis, ad apicem orbibus praeditis, 
basi in stipitem 40-100 w longam attenuatis, in fasciculo singulo dispositis. 
Paraphysibus late filiformibus, hyalinis, ventricosis, septatis, 5-12 mu crassis. 
Ascosporis uniseriatis, subglobosis, 15-18 XK 13-15 wu, laevibus, initio hyalinis, 
dein olivaceis, in maturitate atro-olivaceis opacoque, basi cum foramine 
germinali, 1.3 yu, singulari, orbiculato praeditis, sine appendicibus gelatinosis 
et sine strato mucoso. 
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Sordaria arctica differs from S. humana (Fuckel) Winter in having smaller 
ascospores which are without a gelatinous sheath. The ascospores of both 
species as well as S. fimicola (Rob.) Ces. & DeNot. and S. macrospora Auersw. 
are slightly pointed at the lower end where the circular germinal pore is located. 
It is possible that the absence of the gelatinous sheath in S. arctica represents 
a primitive condition. More probably the species is a secondarily derived 
one from a taxon similar to S. humana in which the sheath has failed to 
develop as an adaptation to its habitat on the dung of carnivorous rather 
than herbivorous animals. In general, a gelatinous sheath around the 
ascospores is characteristic of species whose natural habitat is the dung of 
herbivorous (but not carnivorous) animals. For descriptions and illustra- 
tions of S. fimicola and S. humana see Cain and Groves (2). 

In culture, S. arctica grows rapidly with considerable mycelium on the 
surface of the agar and a loose aerial layer which becomes more luxuriant at 
the margin of the plate or tube. The colony is white at first but changes 
to gray. Perithecia originate from coiled ascogonia which are scattered on 
the hyphae. They mature in 10 or 11 days. There are no conidia or sper- 
matia produced. Except for the slower development, the cultures of S. 
arctica are similar to those of S. fimicola and S. humana. 


Sporormia polymera Cain sp. nov. Figs. 8-12 

Ascocarps (Fig. 8) globose, black, immersed, 500-750 yu, ostiolate, surrounded 
by dark brownish-black mycelium binding fibers of substratum together 
into a soft stromatic mass forming blackened areas, each containing several 
closely aggregated ascocarps with only the small circular ostioles projecting 
at surface, sometimes with a short papilliform neck region. Peridium of 
ascocarp thick, coriaceous, opaque, of several layers of very indistinct, pseudo- 
parenchymatous cells; toward outside, dark brown and opaque, thin-walled, 
8-20 w in diameter; toward inside, hyaline and very thin-walled, mostly 
about 20 in diameter. Asci (Fig. 9) eight-spored, clavate, 180-250 X 
18-27 uw, broadest part about 60 yw from apex, narrowed above, rounded at 
apex, gradually narrowed below to a fairly long stipe measuring about 
30-60 mw, with an outer rigid wall which breaks a short distance below the 
apex allowing the inner plasma membrane (attached to outer wall by a ring 
at the apex) to elongate to double its length. Paraphyses (Figs. 9-10) filiform, 
septate, with rather long cells, 4-8 w in diameter, fairly abundant, mixed 
with asci, rarely branching, with branches directed toward base of ascocarp. 
Ascospores almost parallel with ascus, several overlapping above but single 
at base, 14~-15-celled, fusiform-cylindrical, 63-83 K 10-11 yu (in broadest 
part), dark-brown and opaque, deeply constricted, cells easily separable, 
surrounded by a narrow gelatinous sheath; seventh cell (in 15-celled spore) 
or fifth and sixth (in 14-celled spore) from upper end abruptly larger, being 
about 6 w long and 10-11 yw wide, cells gradually decreasing in size toward 
each end, end cells 4-6 uw long and 6 w wide. Germinal slit extending across 
cell, transverse or diagonal. 


264 CANADIAN JOURNAL OF BOTANY. VOL. 35, 1957 


On dung of caribou. Esker east of George River, 55° 9’ N. lat., Ungava, 
Quebec, July 19, 1947. Coll. J. Rousseau. (Type TRTC 32264.) 

The enlarged cells are approximately double the size of the remaining 
cells and clearly due to a failure in completing the final division in what 
would otherwise have been a 16-celled ascospore. In a 15-celled ascospore 
the enlarged seventh cell replaces what would have been the seventh and 
eighth cells. In a 14-celled ascospore the fifth (enlarged) cell replaces what 
would have been the seventh and eighth cells and the sixth (enlarged) cell 
replaces what would have been the fifth and sixth cells. 

Ascocarpis globosis, nigris, immersis, 500-750 yw, ostiolatis, in caespites 
aggregatis, stromate molli, nigro vestitis, supra in collum brevissimum papil- 
liforme abrupte attenuatis, ostiolis parvis orbiculatis praeditis. Peridio 
ascocarpi crasso coriaceo opaco pseudoparenchymatico. Cellulis peridii in 
stratis externis atro-brunneis opacisque, 8-20 yw diam., valde obscuris, tenuiter 
tunicatis; cellulis peridii in stratis internis hyalinis plurimum 20 y diam. 
tenuissime tunicatis. Ascis octosporis, clavatis, 180-250 XK 18-27 yw, basi 
in stipitem 30-60 uw longam sensim attenuatis. Paraphysibus filiformibus, 
septatis, copiosis, raro ramosis, e cellulis longis, 4-8 mw crassis constitutis. 
Ascosporis superne multiseriatis, inferne uniseriatis, cum ascis parallele 
dispositis, 14~-15-cellularibus, cylindraceo-fusiformibus, 63-83 10-11 
(in parte latissima), atro-brunneis opacisque, ad septa profunde constrictis, 
facile secedentibus; strato mucoso angusto hyalino obductis; cellula septima 
(in spora 15-cellulari) vel quinta sextaque (in spora 14-cellulari) abrupte 
majore, 6 uw longa, 10-11 uw crassa; cellulis terminalibus 4-6 w longis, 6 wu 
crassis; stria germinationis longa diagonali vel transversa. 
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EXPLANATION OF FIGURES 


Fics. 1-7. Sordaria arctica. 

Fic.1. Perithecium. X 75. Fic.2. Outer brown cells of perithecial peridium. X 1140. 
Fic.3. Paraphyses. X 750. Fic.4. Paraphyses. X 460. Fic.5. Asci with ascospores 
and group of paraphyses. X 465. Fic. 6. Ascospores showing basal germ pore. X 1140. 
Fic. 7. Asci with ascospores. The upper part of one ascus from which the ascospores 
have been discharged is shown. X 1140 


omg 8-14. Sporormia polymera. 

Fic. 8. Two perithecia immersed in dense mycelial mass. X 75. Fic. 9. Asci with 
ascospores and paraphyses. X 500. Fic. 10. Cells of paraphyses. One filament shows 
a branch directed toward base of ascocarp. X 1140. Fic. 11. Three ascospores each with 
15 cells. The seventh from the upper end enlarged. The cells have partially separated 
in the one at the right. X 1140. Fic. 12. Ascospore, unusual type with only eight 
cells. X 1140. Fic. 13. Ascospore with 14 cells, the fifth and sixth from the upper end 
enlarged. X 1140. Fic. 14. Ascospore with 15 cells. X 225. 


Nore: Fics. 1-14 follow, 
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ATKINSON’S SPECIES OF HELMINTHOSPORIUM 
ON GRASSES FROM ALABAMA' 


R. A. SHOEMAKER 


Abstract 


Four of Atkinson's Alabama records are confirmed: Helminthosporium 
ravenelii on Sporobolus poiretit, H. leersii on Leersia virginica, H. flagelloideum on 
Panicum sp., and H. tuberosum on Secale cereale. H. tuberosum is an earlier 
synonym for H. secalis, the conidial state of Pyrenophora secalis. The collection 
of H. inconspicuum on Secale cereale is H. tuberosum. The records of H. turcicum 
on Sorghum halepense, Cinna arundinacea, and Elymus sp. are based respectively 
on H. sorghicola, H. leersii, and H. sorokinianum, although the last two appeared 
to be saprophytic. 


Introduction 


Atkinson described three new species of Helminthosporium and recorded 
four additional species on grasses collected in Alabama (1). The collections 
are the basis of several Alabama records found in the Index of Plant Diseases 
in the United States (14). The specimens studied were obtained from the 
Atkinson General Collection through the courtesy of Professor Richard 
P. Korf. The accession numbers are those used by Atkinson in his 1897 
publication (1) except for the prefix CUP-A designating the Atkinson General 
Collection in the Herbarium of the Cornell University Plant Pathology 
Department, Ithaca, N.Y. 

Four of the Alabama records stand: H. ravenelii Curt. on Sporobolus 
poiretii (R. & S.) Hitche. CUP-A 1186, HZ. leersii Atk. on Leersia virginica 
Willd. CUP-A 2103, H. flagelloideum Atk. on ?Panicum sp. CUP-A 1906, 
H. tuberosum Atk. on Secale cereale L. CUP-A 2104. The collection of 
H. inconspicuum Cke. & Ell. on Secale cereale CUP-A 1908 is H. tuberosum. 
The record of H. turcicum Pass. on Sorghum halepense (L.) Pers. CUP-A 1278 
is based on H. sorghicola Lefebvre & Sherwin. The record of HH. turcicum on 
Cinna arundinacea L. CUP-A 2178 is based on H. leersii. The record of 
H. turcicum on Elymus sp. CUP-A 11750 is based on HH. sorokinianum Sacc. 
in Sorok. The specimen CUP-A 1925, H. avenaceum Curt. on Avena sativa L. 
was not available for study. 


Results 


Helminthosporium ravenelti Curt. 

Specimen CUP-A 1186, Auburn, Lee Co., Alabama, June 1890, Geo. 
F. Atkinson 1186, is an abundant collection of the inflorescences of Sporobolus 
poiretii (R. & S.) Hitche. (= S. indicus (L.) R. Br. sensu Atkinson) bearing a 
dark brown fungus growth. Conidiophores (Fig. 21) from a mycelial crust 
of more or less parallel, light yellowish-brown mycelium, lax, dichotomously 
branched, forming acute junctures; stalk gradually enlarged to the apex, 

‘Manuscript received January 10, 1957. 


Contribution No. 1584 from the Botany and Plant Pathology Division, Science Service, 
Canada Department of Agriculture, Ottawa, Ontario. 


Can. J. Botany, 35 (1957) 


a 


270 CANADIAN JOURNAL OF BOTANY. VOL. 35, 1957 


5.4- &* 6.8—- 7.7 w wide, newly formed stalk narrower than the region of the 
scar, forming a series of gradual enlargements each followed by abrupt narrows 
ing of the stalk; scars distant, often 40 to 80 w apart; septa also distant, 
averaging 43 wapart; light yellowish-brown. Conidia (Fig. 9) light yellowish- 
brown, with lighter areas at the very apex and base; straight to slightly 
curved with a smooth contour; clavate-elliptical, on the average, broadest at 
a point 0.559 of length from base; both apical and basal cells hemielliptically 
rounded; scar very small, 2.3 w wide, dark brown and squarely exserted; 
septa 3— 3.9-5; measuring 41.6- £ 54.1— 63.0 by 13.8- 15.1— 16.9 

This specimen agrees with the features given in Curtis’s diagnosis (3, p. 352). 
It also corresponds closely with a specimen of H. ravenelii collected and 
determined by E. S. Luttrell on Sporobolus poiretii, Carabella, Florida, Aug. 7, 
1955. Conidia of the Florida specimen, DAOM 43098, measured 47.6-*% 
53.1- 56.9 by 15.4-£# 16.8—- 18.5 w with 3—-£3.6—5 septa and a scar 1.5-£ 
2.2— 3.1 w wide. 


Helminthosporium leersii Atk. 

This fungus is more widely known than the other two species of 
Helminthosporium described by Atkinson. The dimensions of conidia were 
not given in the diagnosis so my data from the type, CUP-—A 2103, are given 
below. The type on Leersia virginica, Auburn, Lee Co., Alabama, Sept. 13, 
1891, Geo. F. Atkinson 2103, is an abundant collection of leaves bearing 
numerous elliptical spots up to 5 mm. long by 1.5 mm. wide. The spots have 
dark brown, distinct margins and only slightly lighter centers. A chlorotic 
band 1 to 2 mm. wide surrounds the spot and diffuses into the green of the 
leaf. Conidiophores (Fig. 19) singly from the lesion; base inflated, 10.8- £ 
11.8- 15.4 w wide; stalk straight, unbranched, erect, uniform in diameter, 
medium to dark reddish-brown, 65— £ 135-277 w long; septa 1- £ 4.6- 11, 
moderately close, averaging 24 uw apart; sporogenous region short with slight 
geniculations, moderately prominent scars, and a squarrose somewhat lighter 
colored apex 6.2—£6.9- 7.7 wu wide. Conidia (Fig. 7) medium grayish- to 
reddish-brown, usually distinctly curved with smooth contour, fusoid, tapering 
from the middle or below, on the average, from a point 0.451 of length from 
base; basal cell hemispherically rounded with a small, flat, squarely exserted 
scar 2.3—£ 2.9- 3.8 w wide; apical cell hemiellipsoidally rounded; all cells 
closely compacted, averaging 8.7 u long; exosporium fragile, readily fractured 
in mounts of conidia; 61.5— 80.7— 100.0 by 13.8- 16.2—- 21.5 with 
8.3— 11 septa. 

Drechsler’s (4) data have been used by others (7, 13) to supplement 
Atkinson’s diagnosis. My measurements are slightly higher than Drechsler’s 
but so are the data of Nisikado (11), who gives 45— £ 81.49- 125 by 12.8-£ 
17.65— 20.4 w for conidia of H. leersii. Putterill (12) gives 52-124 by (13)- 
16.5— (20) uw. A specimen of H. leersii from Kansas collected and determined 
by C. T. Rogerson, DAOM 43097, measured 73.8—- % 86.4- 96.9 by 16.1-£ 
18.2— 21.5 yw. 


*x is used in this paper to designate the mean of 10 measurements. 
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Atkinson identified a fungus on Cinna arundinacea, CUP-A 2178, and 
Elymus sp., CUP-A 11750 as H. turcicum. In his diagnosis of H. leersii he 
stated that H. leersiit was near H. turcicum but hyphae and conidia more 
slender. It is most probable that Atkinson had these specimens in mind and 
not an authentic specimen of H. turcicum. Indeed no specimen on the sheets 
of H. turcicum in the Atkinson General Collection can be properly referred 
to H. turcicum. 

The specimen CUP-A 2178 on Cinna arundinacea, Auburn, Lee Co., 
Alabama, C. L. Newman, Sept. 15, 1891, bears sparse material of H. leersii 
on the necrotic leaf tips. Conidia (Fig. 8) fusoid, gently curved with a smooth 
contour, light grayish- to reddish-brown, widest slightly below the middle, 
on the average 0.451 of length from base; base hemispherically rounded, with 
a small, squarely exserted scar 3.1— £ 3.4— 3.8 uw wide; apex hemiellipsoidal; 
cells short averaging 9.9 uw long; measuring 76.9—- % 89.7— 107.7 by 13.8-% 
16.8— 19.2 w with 7—£8.0—10 septa. Conidiophores like those of CUP-A 
2103; 6.1—% 7.0— 8.5 uw wide at apex (Fig. 20). The fungus was not associated 
with any well-defined lesion and probably occurred saprophytically on the 
necrotic leaf tips of Cinna arundinacea. 


Helminthosporium flagelloideum Atk. 

Specimen CUP-A 1906 on leaves of Panicum sp., Auburn, Lee Co., Alabama, 
Sept. 1890, Geo. F. Atkinson 1906, was designated the type by Atkinson (1). 
The symptoms on the dried, faded green leaves are small, broadly elliptical 
spots with lighter green, narrow margins and light brown centers. The larger 
spots,4 X 2 mm., havea reddish-brown margin. Some large, dark brown to 
nearly black lesions 10 X 6mm. have mounds of hardened exudate resembling 
bacterial slime on the surface of the lesions. Conidia (Fig. 3) tapered to a 
conspicuously narrowed apical region which extends for greater or lesser 
lengths as a ‘flagellum’ sometimes equalling in length the body of the spore and 
2.3-4.6 uw wide; spore and flagellum usually curved although immature spores 
are straight; tapering from the widest point, at the second or third cell, on 
the average from a point 0.25 of length from the base; basal cell with only a 
slight taper on sides and abruptly rounded in a broad hemiellipse; the scar 
often appears to be only a small ring but in clear lateral view it is dark, squarely 
exserted and 2.3— £ 2.9— 3.1 uw wide; walls thin, light reddish-brown; septa 
close in body of spore and sparse in ‘flagellum’; secondary conidiophores 
occur rarely at the point of emergence of the ‘flagellum’; rarely with longitu- 
dinal septa in some central cells; measuring 72.3— # 108.3— 153.8 by 12.3-% 
14.6— 16.9 uw with 4- £ 7.7— 10 septa. Conidiophores (Fig. 15) usually single, 
infrequently in groups of two to four from epidermis; basal cell inflated 8.5— £ 
10.2— 12.34 wide; stalk rarely branched, closely septate, occasionally with 
inflated intercalary cells, medium reddish-brown; sporogenous area light 
reddish-brown with few close inconspicuous scars and slight geniculations; 
apex squarrose 6.1—£ 7.2— 10.8 uw wide; length 69.2— £# 101.3— 138.5 w with 
3— 6.3- 9 septa. 
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Luttrell examined the type and transferred the species to Alternaria (9). 
Unquestionably a few conidia show longitudinal septa, but they also occur 
occasionally in conidia of H. leersii and H. sorokinianum (4). Those who 
accept the transfer should realize that it was made ‘‘despite the lack of longi- 
tudinal septa in the [majority of] conidia (9).”’ 

Only two reports (2, 10) of H. flagelloideum have been noted since it was 
described in 1897. Luttrell (9) reported that “it has been impossible to 
examine the Ciferri and Fragoso collection’’ and the record has not been 
confirmed. On the packet Atkinson wrote “Leaves of Panicum? Duplicate 
to Ellis.” If the host determination is incorrect, and it was questioned by 
Atkinson himself, it may explain the lack of records of H. flagelloideum. 
Unfortunately, no other parasitic fungi are evident on the leaf fragments so 
the identity of the host remains doubtful. If the duplicate material sent to 
Ellis is found and has floral parts or other diagnostic features present it may be 
possible to determine whether or not the host of H. flagelloideum is Panicum. 


Helminthosporium tuberosum Atk. 

This species was described from culms of Secale cereale collected at Auburn, 
Lee Co., Alabama, by C. L. Newman, September 14, 1891. Atkinson 
emphasized the tuberous structures from which the conidiophores arise and 
named .the fungus H. tuberosum (1). The type, CUP-A 2104, consists of 
several straws bearing erumpent incipient ascocarps elongated parallel to the 
vascular strands and attaining a size of 1.0 X 0.5mm. Macroscopically the 
ascocarp initials are black with long, straight, rigid, dark reddish-brown setae 
and conidiophores projecting from the ascocarp initial, which is centrally 
composed of hyaline pseudoparenchyma. The conidiophores on the ascocarp 
initials appear to have grown out through the apex shortly before collection 
as though sporulation had stopped for some time and the conidiophores 
formed thick, dark walls and then growth began again through.the apex. 
The new sporogenous area (Fig. 22) is light reddish-brown, with close scars 
and pronounced geniculations; the older portion of the stalk is thick-walled, 
distantly septate (average distance between septa 29 yw), slightly broader at 
the base but not inflated, 10.8— # 11.9- 14.6 uw wide; apex abruptly rounded, 
not enlarged, 9.2— ¥ 10.0— 12.3 w wide; 169— £ 221— 277 uw long with 5— £ 6.5— 8 
septa. -Conidia when revived in potassium hydroxide solution, cylindric, 
widest somewhat below the middle or, at the basal cell, on the average at a 
point 0.319 of length from base; basal cell long, lighter colored, abruptly 
hemispherically rounded with a broad dark brown scar included within the 
spore contour and measuring 4.6— £ 5.0— 6.1 uw wide; walls light yellowish- 
brown, thin but appearing to have a thick endosporium in unrevived, dried 
material (Fig. 10); some conidia with apical scars indicative of secondary 
conidium formation; 52.2—£# 75.7—-101.5 uw long, 13.1—-£#14.2—-15.4 uw wide 
with 3— £ 3.8- 6 septa; cells averaging 15.8 u long. 

Atkinson collected a species of Helminthosporium causing a leaf spot on 
Secale cereale at Auburn, Lee Co., Alabama, on February 19, 1891, and 
determined it as H. inconspicuum. The specimen, CUP-—A 1908, consists of 
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10 portions of leaf blades bearing broadly elliptical lesions up to 4 X 3 mm. 
with a light gray center, a faint medium reddish-brown margin and a broad, 
variable, light orange zone that blends gradually into the green of the leaf, 
although, on some leaves, the light orange zones of adjacent lesions coalesce. 
The leaves are small and narrow like those formed in the early spring. 
Conidiophores (Fig. 23) dark reddish-brown, long, erect, single, simple; base 
flared out 12.3— £ 13.5— 15.4 uw wide; septa distant, on the average 39 uw apart; 
scars obvious; geniculations few, close, slight; apex abruptly rounded, 
inflated in some, 7.7— £ 8.8— 9.2 w wide; 92— ¥ 132— 185 yw long; characteristic- 
ally dark, broad, massive conidiophores. Conidia (Fig. 11) cylindric, widest 
on the average 0.403 of length from base; basal cell lighter colored and 
sometimes inflated, characteristically with a broad, black, included scar 
4.6—-£ 6.1— 7.7 w wide; cells long, averaging 15.9 uw long; walls thin when 
revived, light yellowish-brown; 76.9— £95.5— 118.4 uw long, 18.4—£ 19.5-— 
21.5 uw wide with 3— £ 5.0—7 septa. 


Conidia of this second specimen are superior in length and width to those of 
the type, and Atkinson did not include it in H. tuberosum. However, both 
specimens fall within the range in Whitehead and Dickson’s data for the 
Helminthosporium conidial state of Pyrenophora secalis Whitehead & Dickson 
(15). Whitehead and Dickson measured conidia 31— £ 88.7—- 165 by 9-£ 
15.7— 22 w with 1-£4.5—9 septa. They found the first formed conidia to be 
large, 120-165 yw long and secondary conidia to be smaller (15). 


A specimen labelled ‘“Type Helminthosporium secalis Whitehead & Dickson 
on Secale cereale University Hill Farm, Madison, Wisconsin, November 18, 
1948” was obtained from Professor J. G. Dickson. The specimen included a 
piece of straw bearing an immature ascocarp. The ascocarp initial was 
erumpent, black, sparsely setose with long, dark reddish-brown setae or 
conidiophores, and measured 0.8 X 0.4 mm. with long axis parallel to the 
vascular strands. Material was taken from the straw and compared with the 
type of H. tuberosum CUP-A 2104, which is also a specimen collected on 
straw of Secale cereale in the fall of the year. Conidiophores of the Wisconsin 
specimen (Fig. 24) were dark reddish-brown, single or in groups of two or 
rarely three arising from a slightly enlarged base 12.3— # 13.7— 15.4 wu wide; 
septa distant, 5— £ 8.4— 12, averaging 28 mw apart; stalk of uniform diameter, 
straight to sporogenous region where it is slightly bent at each of the several 
close scars; apex broad, abruptly rounded, 7.7— £ 9.4— 10.8 uw wide, sometimes 
lighter colored than the stalk; 186—£ 263-385 uw long. Conidia (Fig. 12) 
light yellowish-brown with a slightly lighter basal cell bearing a broad, black, 
conspicuous, included scar 4.6-£5.5-6.1 4 wide; material revived in 
potassium hydroxide narrowing from the widest point, which averaged 0.440 
of length from base; cells of equal size, on the average 14.5 uw long; many 
conidia have long, several-scarred apical secondary conidiophores; 61.5—£ 
75.2— 101.5 w long, 12.3— £ 14.0— 16.1 w wide with 4— £ 4.2— 5 septa. 


The data from the type of H. tuberosum from old culms of Secale cereale 
correspond very closely with my data from the type of H. secalis on old rye 
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culms. Whitehead and Dickson considered H. tuberosum to differ ‘‘from 
H. secalis in size, septation and spore color’ (15). However, when type material 
of both from the same substrate was compared the two were found to be 
conspecific. Atkinson’s specimen on rye leaves, CUP-—A 1908, is a more fully 
developed specimen than the type of H. tuberosum or type material of H. secalis 
from rye straw. H. tuberosum on rye leaves approaches the maximum 

dimensions for conidia of H. secalis given by Whitehead and Dickson (15). 
Whitehead and Dickson gave a full account of the Helminthosporium 
conidial state of P. secalis but their use of the name H. secalis (15, p. 757) 
can only be regarded as incidental mention. The appropriate Article in the 
International Code of Botanical Nomenclature (5) is Art. 43, which states 
‘a name merely mentioned incidentally is not validly published’’. Proviso 1 
of Art. 43 explains that ‘‘by ‘incidental mention’ of a new name. . . is meant 

mention by an author who does not intend to introduce the new name. . 
concerned”’. Whitehead and Dickson did not show an intention to introduce 
a new name by proposing “H. secalis sp. nov.’’ as they did for the perfect 
state, P. secalis, but only mentioned H. secalis incidentally in a discussion of 
the affinities of the conidial state of P. secalis. Thus H. secalis Whitehead & 
Dickson was not validly published. The present status of Pyrenophora 

secalis is then: 
Pyrenophora secalis Whitehead & Dickson, Mycologia, 44 : 752. 1952. 
Stat. conid.: Helminthosporium tuberosum Atk. Bull. Cornell Univ. (Sci.) 
3:47. 1897. 
Syn.: H. secalis Whitehead & Dickson, Mycologia, 44 : 757. 1952. 


Helminthosporium sorghicola Lefebvre & Sherwin 

Atkinson determined CUP-A 1278 on Sorghum halepense, Mobile, Alabama, 
July 24, 1890, Geo. F. Atkinson 1278, as H. turcicum. H. turcicum occurs 
widely on sorghum but several other species of Helminthosporium are known 
from sorghum (14). Reference to the work of Lefebvre and Sherwin (6) 
makes it clear that the specimen CUP-A 1278 is not H. turcicum but is 
H. sorghicola. The specimen consists of a number of well preserved leaves 
bearing large, elliptical, cyanotic lesions with concentric zones and measuring 
up to 10 mm. long by 5 mm. wide. Conidiophores (Fig. 17) often in groups 
of two to five from a common base in the stomates; base only slightly enlarged, 
7.7— © 8.3— 9.2 w wide; stalk straight, simple, narrow, thin-walled, medium 
reddish-brown; geniculations and scars obvious and fairly close; apex lighter 
colored, squarrose-inflated, 6.1—-£7.6-9.2 wide; 77—£# 133-185 w long; 
septa 2—£3.9-6, distant, averaging 27 w apart. Conidia (Fig. 5) light 
grayish- to reddish-brown, long-elliptical, slightly curved with a smooth 
contour; widest below the middle, on the average 0.404 of length from base; 
scar darker, squarely exserted, 3.1— ¥ 3.6—- 3.8 uw wide; apex hemiellipsoidal; 
cells moderately long, averaging 11.3 u« long; secondary conidiophores present 
on the basal cell of some; measuring 76.9— £ 88.3— 96.9 by 15.4— # 16.8— 18.4 uw 
with 5— £ 6.8- 9 septa. 
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The type of H. sorghicola was not seen but the data agree well with the ample 
diagnosis and figures. The means given by Lefebvre and Sherwin (6) are 
lower than those recorded above. However, measurements made from 10 
of the larger, more mature conidia in Lefebvre and Sherwin’s Fig. 2 (6) were 
66— £ 80.8— 88 by 13— ¥ 15.1— 16 w with 5— £ 6.2— 7 septa and a scar 3.0 pw wide. 


Atkinson’s specimen CUP-A 1278 was compared with DAOM 6632 on 
Sorghum halepense, Kyrenia, Cyprus, August, 1935, R. M. Natrass and 
distributed from the Imperial Mycological Institute Herbarium as H. maydis 
Nisikado & Miyake in Nisikado prior to Lefebvre and Sherwin’s publication. 
The symptoms closely resemble those caused by H. sorghicola and consist of 
cyanotic, concentric, elliptical leaf spots up to 15 mm. by 7 mm. Conidiophores 
(Fig. 18) formed on the lesions and bore numerous conidia, many of which 
produced secondary conidiophores. Conidia (Fig. 6) measure 56.9—- £ 74.0—- 
84.6 by 12.3— £ 14.5- 16.9 w with 6-£7.0—8 septa, a scar 3.1-£3.7-4.6 yu 
wide and a mid-point 0.397 of length from base. Both the Alabama and 


Cyprus collections have a higher average number of septa than the number - 


given by Lefebvre and Sherwin for H. sorghicola (6) and in this way the 
specimens approach H. maydis. However, the mean number of septa varies 
with the proportion of immature conidia and these were excluded from my 
measurements. <A further comparison was made with a specimen on Zea 
mays L., Plainville, Connecticut, August 15, 1887, A. B. Seymour. It was 
determined by Seymour as H. inconspicuum and included on the same 
herbarium sheet as CUP-A 1908. However, it is not H. turcicum (HH. incon- 
spicuum) but is H. maydis. Conidiophores (Fig. 16) through the stomates 
singly or in groups of two to five with only slightly enlarged base 7.7— £ 9.5- 
10.8 uw wide, simple, only slightly bent; scars close; apex relatively narrow 
6.1— 6.6- 6.9 wide; not especially long 85— 108-154 long; septa 
3—£4.7-8 close, averaging 19 w apart; medium reddish-brown. Conidia 
(Fig. 4) measured 76.9— £ 91.2— 104.6 by 13.8—# 14.1— 15.4 w with 7— # 9.5-13 
septa and had no secondary conidiophores. These data are in close agree- 
ment with those of Nisikado (11), who gives: 45— £# 84.68- 130 by 11.5-£ 
14.74— 17.9 w with 3— £ 7.87— 12 septa. The mean number of septa has been 
used (6, 7) to distinguish H. sorghicola from H. maydis. A simpler distinction 
is the presence of secondary conidiophores on conidia of H. sorghicola and the 
absence of secondary conidiophores in H. maydis. 


Helminthosporium sorokinianum Sacc. in Sorok. 

The specimen CUP-A 1175a on Elymus sp. Auburn, Lee Co., Alabama, 
July 5, 1890, Geo. F. Atkinson 1175a, bears a few Helminthosporium conidia 
and conidiophores on the necrotic leaf tips. Conidia (Fig. 1) dark reddish- 
brown, lighter at extreme ends; scar conspicuous, dark, broad, squarely 
exserted 3.1-%4.1-4.6 4 wide; exosporium fragile; cells compressed, 
especially the basal and apical cells, averaging 9.5 uw long; widest point near 
the middle, averaging 0.523 of length from base; fusoid, straight to slightly 
curved, with smooth contour, tapering slightly more pronouncedly to 
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hemiellipsoidal apex than to more nearly hemispherical base; 76.9- £ 88.1- 
100.0 by 16.9— £ 18.6— 20.0 wu with 7— ¥ 8.3-9 septa. Conidiophores (Fig. 13) 
dark reddish-brown, erect, single, simple; base slightly enlarged 7.7— £ 10.8- 
13.8 uw wide; stalk of uniform width; septa 2—£3.7—7, moderately close, 
averaging 27 w apart; sporogenous area with slight bends at moderately close, 
conspicuous scars and lighter colored squarrose-inflated apex 6.9— £ 7.8- 
9.2 w wide. 


Specimen CUP-A 1175a was compared with DAOM 42049, a mount 
prepared by Dr. S. J. Hughes Ex Herb. Saccardo, Inst. Bot. Padova. In 
glumis Secale cereale in Sibfe]ria oruntur pr Wladivost. [Vladivostok] 1889. 
Leg. Sorokin 451 Tipo. Sorokin’s specimen has dark reddish-brown conidia 
(Fig. 2) slightly lighter at the extreme ends; scar dark, squarrose, slightly 
exserted, 3.8- 4.4—- 4.6 wide; widest point near the middle, averaging 
0.461 of length from base; fusoid, straight to slightly curved, of smooth 
contour tapering slightly more rapidly to short, hemiellipsoidally-rounded 
apical cell than to the more nearly hemispherically-rounded basal cell; cells 
short, averaging 9.4 uw long; 76.9— 87.7— 92.3 by 18.5— £ 21.4— 26.1 uw with 
7— £ 8.3— 13 septa. Conidiophores (Fig. 14) broken and only apical portions 
available for study; stalk thick-walled from regrowth of conidiophore through 
old stalk, dark reddish-brown; sporogenous area with obvious but not extreme 
bends, moderately close scars, squarrose to slightly inflated, lighter-colored 
apex 7.8— £ 9.5— 12.3 w wide. 


Atkinson’s specimen differs only slightly from the type of H. sorokinianum. 
These differences are not so great as differences found between collections of 
this fungus by Luttrell (8). H. sorokinianum has been reported from Elymus 
and a large number of other grasses under the name H. sativum Pamm., King 
& Bakke (14). Its occurrence on Elymus from Alabama may represent only 
a saprophytic existence. Atkinson noted a species of Leptosphaeria and of 
Septoria on the grass and H. sorokinianum may have been only a secondary 
invader. The sparse fruiting of the fungus on the necrotic leaf tips, away 
from any well defined lesion, tends to support the view that it occurred as 
a saprophyte. 
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Conidia, X 500. Fics. 1,2. H. sorokinianum CUP-A 1175a, DAOM 42049. Fic. 3. 
H. flagelloideum CUP-A 1906. Fic. 4. H. maydis. Fics. 5,6. H. sorghicola CUP-A 1278, 
DAOM 6632. Fics. 7, 8. H. leersii CUP-A 2103, CUP-A 2178. Fic. 9. H. ravenelit 
CUP-A 1186. Fics. 10-12. H. tuberosum CUP-A 2104, CUP-A 1908, H. secalis type. 


q 


PLATE | 


Shoemaker—Can. J. Botany 


: 
— 
q 
‘ 
4 
ry 
q ye 4 
| 
| 


Shoemaker—Can. J. 


PLATE II 


- 
4 
: 
14 16 17 
‘ 
i f 
j 
| | 
: 
i 
~ 
19 2! 22 23, 24 
Botany 


= 


SHOEMAKER: HELMINTHOSPORIUM 277 


References 


. Atxtnson, G. F. Some fungi from Alabama collected chiefly during the years 1889-1892, 


Bull. Cornell Univ. (Sci.) 3, 1-50 (1897). 


. CIFERRI, R. and GONZALEZ FraGoso, R. Hongos parasitosy saprofitos de la Republica 


Dominicana. (11 Serie.) Bol. R. Soc. espafiola hist. natural, 27, 267-280 (1927). 


. Curtis, M. A. Contributions to the mycology of North America. Am. J. Sci. Ser. 2 


6, 349-353 (1848). 


. DRECHSLER, C. Some graminicolous species of Helminthosporium: 1. J. Agr. Research, 


24, 671-740 (1923). 


. Lanjouw, J. Editor. International Code of Botanical Nomenclature. Chronica Botanica 
1952. 


Company, Waltham, Mass., U.S.A. 


. LEFEBVRE, C. L. and SHERwiN, H. S. An undescribed species of Helminthosporium on 


sudan grass and sorghum. Mycologia, 40, 708-716 (1948). 


. LutrrReELL, E. S. A key to species of Helminthosporium reported on grasses in the United 


States. Plant Disease Reptr. Suppl. 201, 59-67 (1951). 


. Luttre.i, E. S.A taxonomic revision of Helminthosporium sativum and related species. 


Am. J. Botany, 42, 57-68 (1955). 


E. S. “Helminthosporium flagelloideum. Mycologia, 47, 268-270 (1955). 
. Mirra, M. Helminthosporium spp. on cereals and sugarcane in India, Part I. Diseases 


of Zea mays and Sorghum vulgare caused by species of Helminthosporium. Mem. 
Dept. Agr. India Botan. Ser. 11, 219-242 (1923). 


. Nistkapo, Y. Studies on the Helminthosporium diseases of Gramineae in Japan. Ber. 


Ohara Inst. landwirtsch. Forschungen, Kurashiki, Japan, 4, 111-126 (1929). 


. Purreritt, K. M. Some graminicolous species of Helminthosporium and Curvularia 


occurring in South Africa. Bothalia, 6, 347-378 (1954). 


. SPRAGUE, R. Diseases of cereals and grasses in North America. The Ronald Press 


Company, New York. 1950 


. Weiss, F. Index of plant diseases in the United States. Plant Disease Survey. Belts- 


ville, Maryland, U.S.A. 1950-19 


. WurteHEaD, M. D. and Dickson, J. é. Pathology, morphology and nuclear cycle of 


two new species of Pyrenophora. Mycologia, 44, 747-758 (1952). 


Conidiophores, X 500. Fics. 13,14. H. sorokinianum CUP-A 1175a, DAOM 42049, 


Fic. 15. H. flagelloideum CUP-A 1906. Fic. 16. H. maydis. Fics. 17, 18. H. sorghicola 
CUP-A 1278, DAOM 6632. Fics. 19, 20. H. leersit CUP-A 2103, CUP-A 2178. Fic. - 


21. 


Hi. ravenelii CUP-A 1186. Fics. 22-24. H. tuberosum CUP-A 2104, CUP-A 1908, 


H. secalis type. 


|  , 
7 
8 
) 
? 


is 


279 


NOTES ON BOREAL USTILAGINALES, IT' 


D. B. O. SAVILE 
Abstract 


Burrillia acori Dearn. is shown to be on Sparganium; it is apparently not a 
smut, but fresh material is needed for adequate study. Entyloma_ circaeae 
Dearn. is shown to be E. arnicale on Arnica affin. cordifolia. The following range 
extensions are recorded: Cuintractia luzulae, Alaska; C. taubertiana, 

, N.B.; Doassansia epilobit, B.C.; D. martianoffiana, B.C.; D. sagittariae, 

C: Entyloma clintonianum, B.C.; E. compositarum, Labr.; E. winteri on 
Delphinium browntu, Alta., B.C.; Thecaphora deformans, Alta., Sask. ; Thecaphora 
traulit on Cirsium undulatum, B.C.; Urocystis anemones on Ranunculus cooleyae 
and R. eschscholtzti, B.C.; U. sorosporioides on Aconitum delphinifolium, B.C.; 
U. heucherae on Saxifraga tolmieit, B.C.; Ustilago bullata on Bromus ctliatus, 
Que.; U. tenuispora on Polygonum hydropiperoides, Ont., and P. punctatum, 
N.Y.; U. violacea vars. on Arenaria lateriflora, B.C. and Ont., on Lychnis triflora, 
Ellesmere I., on Silene acaulis vars., Spitzbergen, B.C., and Que., on S. douglasti 
var. villosa, B.C.; Ustilago pinguiculae on Pinguicula villosa, Man., on P. vulgaris, 
B.C., Alta., and Ont. 


The miscellaneous records herein reported stem largely from field work in 
British Columbia by J. A. Calder and myself, but various records from other 
sources are included. Substantial collections have also been made in other 
groups of smuts in British Columbia, notably of Entyloma spp. on Compositae 
and of Cintractia on Caricoideae; but treatment of these collections is deferred, 
pending critical study of the hosts. Collection numbers preceded by C, S, 
and F are those of J. A. Calder, D. B. O. Savile, and J. M. Ferguson; C and S 
refer to Calder and Savile. 


Burrillia 


BuRRILLIA ACORI Dearn. in Zundel, N. Am. Flora, 7:1026. 1939. 
Burrillia anomala Crowell, Can. J. Research, C, 20:327. 1942. 

Examination of the type specimen reveals that the leaves are those of 
Sparganium sp., probably eurycarpum Engelm., rather than of Acorus calamus. 
As Parmelee and Savile (4) have shown, these two plants often grow in mixed 
stands and their leaves are quite similar, differing chiefly in the former being 
keeled below and the latter being symmetrical. It thus appears that 
B. anomala Crowell is identical with, rather than merely related to, B. acori. 
This fungus seems to be a chytrid rather than a smut, but no disposition can 
safely be made of it until living material is studied. 


Cintractia 


CINTRACTIA LUZULAE (Sacc.) G. P. Clint., J. Mycol. 8:143. 1902. 
A specimen was received from Rev. E. Lepage (23980A), collected at 
Eldorado R., 30 miles east of Nome, Alaska, on Luzula sudetica (Willd.) DC. 


‘Manuscript received December 28, 1956. 
Contribution No. 1581 from the Botany and Plant Pathology Division, Science Service, 
Canada Department of Agriculture, Ottawa, Ontario. 
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var. frigida (Buchenau) Fern. This appears to be only the second Nearctic 
record of this smut which Polunin (5) reported on L. confusa Lindeb. at 
Pangnirtung, Baffin I. 


CINTRACTIA TAUBERTIANA (Henn.) G. P. Clint., J. Mycol. 8:142. 1902. 
Specimens recently received have substantially extended the known northern 
limits of this smut on Rhynchospora alba (L.) Vahl. It was taken by D. Erskine 
near Sackville, N.B.; by J. A. Parmelee near Buckingham, Que.; and twice 
by Rev. E. Lepage on the Eastmain River, Que. (southeast James Bay), 
(13,551A and 33,146). The infected plants have markedly reduced inflores- 
cences and pass easily for Juncus tenuis Willd. The spores of the smut are 
also quite similar to those of Cintractia junci (Schw.) Trel. C. taubertiana is 
confined to the ovaries; its spores are generally 13.5—-2212-18 yw; wall 
0.7-1.5 uw, yellow-brown to chestnut, with elongate + labyrinthiform warts, 
ca. 0.2-0.4 uw high, 0.4-0.8 (—1.2) w wide and up to 2.5 wlong. C. junci fruits 
on the pedicels and peduncles as well as in the florets (including the ovaries) ; 
its spores are generally 13.5-22X10.5-15.5 uw; wall 0.8-1.5 uw, deep chestnut, 
with elongate warts 0.2—0.3 uw high, 0.3—0.5 w wide or to 1.5 w long (or more 
by fusion). The microscopic distinctions are seen to be very small. Both 
these smuts are systemic, in distinction from those attacking the Caricoideae. 


Doassansia 


DOASSANSIA EPILOBII Farl., Bot. Gaz. 8:227. 1883. 

This inconspicuous parasite has been found twice in British Columbia on 
Epilobium affin. anagallidifolium Lam.: on the north slope of Copper 
Mountain, near Nelson, at 3600 ft., far below tree line (C and S 10,989A); 
and near Western Uranium Mine, Rocher Deboulé Mts., near Hazelton, 
above tree line (5000 ft.) (C, S, and F 15,199A). At both stations the smut 
was extremely scarce. The classification of some of these small alpine species 
of Epilobium is confused; and the dwarfed plants that are found along cold 
alpine brooks cannot always be satisfactorily named from any existing 
treatment. The plants from Copper Mtn. might be placed in two or three 
species. 


DOASSANSIA MARTIANOFFIANA (Thiim.) Schrét., Krypt. Fl. Schles. 3(1): 287. 
1887. 

A small collection was made six miles north of Prince George, B.C., on 
Potamogeton natans L. (C, S, and F 14,381), which helps to bridge the gap 
between the stations previously known in Washington, Manitoba, and 
Alaska (7). It may be commoner in central British Columbia than this 
single record suggests but frequent insect damage of the host makes it difficult 
to spot. 


DOASSANSIA SAGITTARIAE (Westend.) Fisch., Ber. Deut. Bot. Ges. 2: 405. 
1884. 

The first three records of this smut for British Columbia were obtained in 
1954, during field work in the central region of that province: on Sagittaria 
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cuneata Sheld., L. Kathlyn, near Smithers (C, S, and F 15,245); on S. latifolia 
Willd., Taber L., near Prince George (C, S, and F 14,385), and Nulki L., near 
Vanderhoof (C, S, and F 14,513). 


Entyloma 


ENTYLOMA CIRCAEAE Dearn. in Zundel, N. Am. Flora, 7(14): 1022. 1939. 

Examination of the type specimen in Herb. Dearness shows that the leaves 
are clearly those of a composite. They are a good match for Arnica cordifolia 
Hook. and must be that or a related species. The smut matches Entyloma 
arnicale Ell. & Ev. in its emended description (6). Copies of some of the 
correspondence concerning this collection, on file with the specimen, show 
that when J. R. Hansbrough made the collection in Oregon, the plant was 
identified for him by two, mercifully anonymous, forest botanists as 7iarella 
unifoliata. G. L. Zundel and G. P. Clinton accordingly assigned the smut 
to Entyloma chrysosplenii before deciding that the host was Circaea alpina. 
The latter has leaves roughly the shape of those of Arnica cordifolia, but 
sharply different in size, margin, and texture. 


ENTYLOMA CLINTONIANUM Zundel & Dunlap in Zundel, N. Am. Flora, 7(14): 
1024. 1939. 

A meager collection was made near Exstew on the lower Skeena R., B.C., 
on mature Mimulus guttatus DC. on 23 Aug. 1954 (C, S, and F 14,936). No 
trace was seen elsewhere on numerous stands of Mimulus spp. in the interior 
of British Columbia. Its distribution may prove to be largely coastal. 


ENTYLOMA COMPOSITARUM Farl., Bot. Gaz. 8:275. 1883. 

Two collections were made near Crater L., 52 mi. WSW. of Hebron, Labr., 
by J. M. Gillett: on Erigeron humilis Graham (8,791), without conidia; and 
on Senecio pauciflorus Pursh (8,713), with a few epiphyllous conidia. Sup- 
pression of conidia seems to be general in this species at high latitudes, as 
previously indicated (7, p. 664). 


ENTYLOMA FICARIAE (Cornu & Roze) Fisch. v. Waldh., Bull. Soc. Nat. 
Moscow, 52:309. 1877. 

Found on Ranunculus uncinatus D. Don var. parviflorus (Torr.) L. Benson 
(R. bongardii Greene) near Monashee Pass, Lower Arrow L., Smithers and 
Prince George, B.C. The host is common in the interior of British Columbia. 
The smut was previously known on the same host from North Saanich, 
Vancouver Island. 


ENTYLOMA WINTERI Linh., Fungi Hung. Exs. 206. 1884. 

Collected in 1953 on Delphinium brownii Rydb. at Banff, Alta.; and in 1954 
on the same host in Pine Pass on the Hart Highway, at Manson Creek about 
100 mi. N. of Fort St. James and near Barkerville, B.C. This smut was not 
found in southern British Columbia where other De/phinium spp. are pre- 
dominant. These four collections yield the following composite description: 
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teliospores 12-19(—23) 10-17 wall 0.9-2.0 uw, yellow to light brown, 
smooth, often of two layers; conidiophores amphigenous but predominantly 
hyphophyllous; acicular conidia generally abundant, 25—70X1.5—2.2 uw. In 
the type collection on D. elatum L. the spores are 12—19(—20) X10-15.5 w and 
acicular conidia are present but scarce. Previously recorded in North 
America from Wyoming only. 


Thecaphora 


THECAPHORA DEFORMANS Dur. & Mont. in Tul., Ann. Sci. Nat. Bot. III, 
7:110. 1847. 

This prevailingly southern species was collected by B. Boivin and W. G. 
Dore at Estevan, Sask., with a phanerogamic specimen of Astragalus bisulcatus 
(Hook.) A. Gray. It may be noted that the only obvious effect of the infection 
was to make the pods terete instead of bisulcate. There are two Canadian 
specimens in the Dearness Herbarium: on Lathyrus ochroleucus Hook., 
Edmonton, Alta., J. Fletcher, 31 July 1904; and on Vicia ?caroliniana Walt., 
Niagara-on-the-Lake, Ont., J. Dearness, 3 Aug. 1891. Part of the latter 
collection was sent to J. B. Ellis, and is presumably source of the Ontario 
record on Vicia sp. given by Zundel (9) and Fischer (2). In neither of these 
specimens is the host material adequate for unqualified determination. 


THECAPHORA TRAILLII Cke., Grev. 11:155. 1883. 

The first Canadian collections of this smut were made in 1955 by G. A. 
Mulligan near Williams Lake (1,745) and Kimberley (2,081), B.C., both on 
Cirsium undulatum (Nutt.) Spreng. The smut is recorded from various parts 
of Europe, from Japan, and, in North America, from Colorado and Utah. 
Although some of the gaps in the records presumably reflect lack of collecting, 
rather than physical discontinuities, the distribution is a curious one. Thus 
all the North American records are from arid interior regions, in contrast to 
many of those from Europe. 


Urocystis 


UrocysTISs ANEMONES (Pers.) Wint. in Rabenh., Krypt.-Fl. 1:123. 1881. 

A single colony of Ranunculus cooleyae Vasey and Rose at 4800 ft., above 
Red Rose Tungsten Mine, Rocher Deboulé Mts., south of Hazelton, B.C. 
(C, S, and F 15,163) was heavily infected but all other colonies here and 
elsewhere were healthy; this is a new host for the smut. Traces were also 
found on R. eschscholtzti Schlecht. at 5200 ft. on the south slope of Hudson 
Bay Mtn., near Smithers, B.C. (C, S, and F 14,675) and on Skyline Trail 
(7000 ft.), Yoho Nat. Park, B.C. (C and S 12,155); this plant is recorded as a 
host from Utah only (2). 


UROCYSTIS SOROSPORIOIDES Korn. in Fckl., Symb. Myc. Nachtr. 3:10. 1876. 


A heavy infection on Aconitum delphinifolium DC. was found above 
Azouzetta L., at 4200 ft., in the Murray Range, Pine Pass, B.C. (C, S, and F 
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13,994). The spore balls were 28-85 X(22.5—)25-64 uw, with 3 to about 40 
spores per ball; spores 13-23 X9-16 yw; spore wall 0.8-1.2 uw, light chestnut; 
sterile cells usually covering two-thirds to seven-eighths of spore ball, 
7-14X5-11 yw, with wall 0.6-0.9 yw, light grayish brown. This specimen is 
not quite typical U. sorosporioides, but it approaches the fungus reported 
from Alaska on Anemone narcissiflora (7). 


UrocysTIs HEUCHERAE Garrett, Mycol. 25:151. 1933. 

Collections assignable to this species were made on Saxifraga tolmiei T. & G. 
far above tree line at 6300 ft., on Hudson Bay Mtn., near Smithers (C, S, and 
F 14,608A); and at 5500 ft., above Red Rose Tungsten Mine, near Hazelton, 
B.C. (C, S, and F 15,150B). Spore balls 18-5216-39 uw; spores one to 
nine per ball, 12.5-19X11-15 w, with wall 1.0-1.8 uw, dark grayish brown; 
sterile cells usually over one-half to three-quarters or more of ball, flattened 
ellipsoidal, mostly 6-14X4-7 uw, with wall 0.5-1.2 wu, light grayish brown. 
This material almost exactly matches type material of U. heucherae. 
U. alaskana Zundel and U. lithophragmae Garrett, also on Saxifragaceae, differ 
inter alia in having fewer spores per spore ball. This report seems to be the 
first of a Urocystis on Saxifraga. The host is a dwarf alpine with scapes about 
5 cm. high, which are generally curved at the plumbeous sori. The smut is 
easily overlooked and may be substantially more widespread than the 
collections suggest. Much of the range of S. tolmiei is very inaccessible. 


Ustilago (General) 


UsTILAGO BULLATA Berk. in Hook., Fl. New Zealand, 2:196. 1855. 

This smut is extremely common in the arid parts of British Columbia on 
the weedy Bromus tectorum L. In 1953 it was taken repeatedly on both var. 
tectorum and var. glabratus Spenner. A single collection was made at 
Summerland, B.C., on B. mollis L. A recent collection by Dutilly, Lepage, 
and Duman (33,062) from Old Factory, James Bay, Que., on B. ciliatus L., 
constitutes a substantial northeasterly range extension. 


Ustilago (Purple-spored Species) 


For a discussion of species attacking Portulacaceae see Savile and Parmelee 
(8), and for species attacking Polygonaceae and Caryophyllaceae see Savile (7). 


UsTILAGO BISTORTARUM (DC.) K6rn., Hedw. 16:38. 1877. 

Diligent searching of numerous alpine and subalpine areas in south and 
central British Columbia has yielded only one specimen of this smut that is 
so common in the arctic: on Polygonum viviparum L., at 6700 ft., just below 
tree line on Mt. Apex, near Penticton (C and S 11,757). Colonies of the host 
are often small and, of course, much more discontinuous in the Cordillera 
than in the arctic, but there may also be some environmental factor that 
limits development of the smut. 
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UsTILAGO CORONATA Liro, Ann. Acad. Sci. Fenn. Ser. A, 17: 244. 1924. 


A specimen on Rumex “‘brittanicus’’ (?orbiculatus Gray) from Emma, Mo., 
leg. C. H. Demetrio, in Herb. Dearness, is referable to U. coronata rather than 
U. parlatorei under which it was issued. It closely matches N. Am. Fungi 
2701, previously discussed (7, p. 672). 


UsTILAGO RETICULATA Liro, Ann. Acad. Sci. Fennicae Ser. A, 17:20. 1924. 
Ustilago utriculosa auct. 
Ustilago controversa Cif. Ann. Myc. 29:41. 1931. 

The available copy of Nees’ Das System der Pilze und Schwémme lacks 
Plate I on which Caeoma utriculosum was illustrated; but Prof. J. A. Nannfeldt 
(in litt.) feels satisfied, from scrutiny of this illustration, that Liro was right 
in interpreting it as Sphacelotheca hydropiperis (Schum.) de Bary (Vergl. 
Morph. d. Pilze 187. 1884) (Uredo hydropiperis Schum., Enum. PI. Saell. 
2: 234. 1803). Ustilago utriculosa (Nees) Unger thus becomes a synonym of 
the latter; and U. reticulata Liro must be taken up for the fungus that attacks 
Polygonum scabrum Moench (P. tomentosum Schrank, P. lapathifolium auct.) 
and P. pensylvanicum L. 


UsTILAGO TENUISPORA Cif., Ann. Myc. 29:58. 1931. 
Ustilago polygoni-punctati Savile, Can. J. Botany, 31:670. 1953. 

In my previous discussion of the smuts attacking Polygonaceae, by a 
deplorable oversight I failed to note Ciferri’s name for the parasite of 
Polygonum punctatum Ell., which of course takes precedence. Additional 
records are: on Polygonum punctatum Ell. var. majus (Meisn.) Fassett, near 
Watertown, N.Y. (S. J. Smith and E. C. Ogden 12,074); and on Polygonum 
hydropiperoides Michx., near St. Thomas, Ont. (L. E. James 2,451). The 
latter specimen agrees perfectly with those on P. punctatum vars., but may 
well be biologically distinct. This is presumably the fungus recently reported 
on P. punctatum by Fergus et al. (1) under the name of U. utriculosa. 


UstTILAGo vinosa (Berk.) Tul., Ann. Sci. Nat., Bot. III, 7:96. 1847. 

Although Oxyria digyna (L.) Hill is common on many of the alpine areas 
visited in British Columbia, its smut seems to be scarce. In two summers’ 
searching it was found only in a single colony on Hudson Bay Mtn., near 
Smithers (C, S, and F 12,949 and 14,617). It was previously recorded (7, 
p. 672) from above Griffin L., west of Revelstoke. i 


UsTILAGO VIOLACEA (Pers.) Roussel, Fl. Calvados, 47. 1806. 

Field work and scrutiny of phanerogamic collections have recently yielded 
numerous specimens of this inconspicuous anther smut of Caryophyllaceae, 
notably in Silene acaulis L., whose deep pink petals add to the searcher’s 
difficulties until he has seen enough smutted material to attune his eye to it. 
See Savile (7, p. 673) for discussion of the varieties of this species. 

On Arenaria lateriflora L.: Beattie Bay, near Ottawa, Ont. (Savile 3,239), 
U. violacea var. stellariae (Sow.) Savile; south of Prince George, B.C. (C and 
S 12,676A), U. v. inter var. stellariae and var. violacea. 
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On Lychnis triflora R. Br.: Eureka, Ellesmere I., 80° 00’ N.-85° 57’ W. 
(P. F. Bruggeman 775 and 851), U.v. var. violacea approaching var. stellariae. 
Although I have seen no other arctic specimens on Lychnis, it may be noted 
that Liro (3, p. 265) cites a specimen on L. apetala L. (G. Simmons) from 
Goose Fjord, Ellesmere I., ca. 76° 30’ N.—88° 35’ W. 

On Silene acaulis L. var. acaulis: Brandy Bay, Spitzbergen (D. B. Keith); 
Jaikkasjarvi Parish, Lappland (G. A. Ringselle); Jamtland, Sweden (K. 
Holm); all U. v. var. violacea, and all from phanerogamic sheets in DAO. 


On Silene acaulis L. var. exscapa (All.) DC.: George R., Ungava Bay, Que. 
(J. Rousseau); Great Whale River, Que. (Savile and D. W. Jenkins 181); 
both U. v. var. violacea. Mt. Thornhill, near Terrace, B.C., 3800-4700 ft. 
(C, S, and F 13,318 and 14,893); above Red Rose Tungsten Mine, S of 
Hazelton, B.C., 5000-6000 ft. (C, S, and F 15,147); Mt. McLean, near Lillooet, 
B.C., 7400 ft. (C, S, and F 15,538); all U. v. var. violacea tending to var. 
stellariae. 

On Silene acaulis L. var. subacaulescens (F. N. Williams) Fern. & St. John): 
Hudson Bay Mtn., near Smithers, B.C., 5500 ft. (C, S, and F 14,655), U. v. 
var. violacea tending to var. stellariae. 

On Silene douglasii Hook. var. douglasii: Mt. Shasta Calif. (W. B. Cooke, 
Mycob. of N. Am. 374), U. v. var. violacea. 

On Silene douglasit Hook. var. villosa H. & M: east side of Rock Creek, 
49° 05’ N.-119° 00’ W., B.C. (C and S 9,577), U. v. var. major G. P. Clint. 


These collections strongly indicate that there is geographic variation as 
well as host specialization in this complex, and further indicate the difficulty 
of trying to break it up into a number of species. Even the varieties here 
recognized probably have only limited significance, but they do serve to 
segregate specimens without the tedium of giving individual descriptions. 


UsTILAGO PINGICULAE Rostrup, Bot. Foren. Festsk. 144. 1890. 


There are only two purple-spored species Ustilago in North America on 
hosts belonging to families other than Polygonaceae, Portulacaceae, and 
Caryophyllaceae—U. gayophyti Harkn. on Gayophytum spp. (Onagraceae) 
in the southwestern United States, and U. pinguiculae on Pinguicula spp. 
(Lentibulariaceae) previously known only from Europe. 

It was not until after field work in 1951 in Newfoundland, where Pinguicula 
vulgaris is common, that I became aware of the existence of thissmut. It was 
first sought in 1953 and was found in the first three plants examined, but 
subsequent searches suggest that it is not particularly common although 
widespread. It was found once more in the field in 1954 and has been found 
on three herbarium sheets in DAO. The five known North American 
specimens are listed herewith: Pinguicula villosa L., Churchill, Man. (J. M. 
Gillett 2,071); P. vulgaris L. var. vulgaris, Oliphant, Bruce Co., Ont. (F. Marie- 
Victorin et al.); P. vulgaris L. var. macroceras (Lk.) Herder, near Salvus, 
between Prince Rupert and Terrace, B.C. (C, S, and F 13,269); 2 mi. NW. of 
Gerard, Trout Lake road, B.C. (C and S 8,997); Mt. Edith, near Banff, Alta. 
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(J. Fletcher). The smut has not been found in any specimens examined from 
east of Hudson Bay, including bulk duplicates from St. Anthony, Nfld., but it 
would be premature to suppose that distribution is not transcontinental. 

The specimens listed agree well with two European collections on Pinguicula 
vulgaris. A composite description is: teliospores 5.5-9.5X4.5-7.0 (8.0) yw; 
wall thin, brownish purple, with meshes ca. 0.2-0.7 w high and 0.9-1.5 uw 
diameter. The spores are very like those of Ustilago violacea, in which it 
was once placed, but the meshes tend to be coarser. 

It may be added, for the benefit of those who may wish to search phanero- 
gamic specimens for this smut, that, by means of a sharp diagonal scalpel 
under the dissecting microscope, a small flap of the corolla tube can be lifted 
up to allow examination of the anthers without appreciable damage to the 
specimens. A little practice tells the position of the anthers in the throat; or 
the flowers may be moistened with alcohol and water, for added translucency, 
until proficiency is gained. 
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STUDIES ON RUBUS VIRUS DISEASES IN BRITISH COLUMBIA 


IV. TRANSMISSION OF RASPBERRY MOSAIC VIRUSES 
TO FRAGARIA VESCA L.! 


RICHARD STACE-SMITH? AND FRANCES C. MELLOR? 


Abstract 


By means of the leaf-grafting technique, attempts were made to transmit the 
two component viruses of raspberry mosaic, rubus yellow-net, and black rasp- 
berry necrosis, separately and in combination, to three strains of Fragaria 
vesca L. Only the rubus yellow-net virus was transmitted to the strawberry and 
it induced severe symptoms. Neither the raspberry aphid, Amphorophora rubi 
Kalt., nor the strawberry aphid, Pentatrichopus fragaefolit (Ckll.), transmitted 
the yellow-net virus from raspberry to strawberry, although A. rubi was able to 
transmit the virus from strawberry back to raspberry. 


Introduction 


Raspberry mosaic is caused by a combination of two viruses (9), rubus 
yellow-net (7) and black raspberry necrosis (8). Neither of these viruses is 
known to attack hosts in other genera than Rubus. This paper describes 
attempts to transmit these viruses, separately and in combination, to three 
strains of Fragaria vesca L. 


Materials and Methods 


The sources of the viruses were Cuthbert red raspberry plants. For mosaic 
and black raspberry necrosis the plants were naturally infected. The source of 
rubus yellow-net was a mosaic-infected plant from which the black raspberry 
necrosis component had been eliminated by heat treatment for 10 days at 
98° to 102° F. 

The three strains of F. vesca used as indicators were as follows: Alpine 
seedlings; a runnering clone of open-pollinated Alpine obtained from Dr. 
N. W. Frazier of California and referred to as hybrid Alpine in this paper; 
and a clone of the woodland strawberry of England that was originally 
obtained from East Malling and referred to as E M vesca in this paper. 
This latter clone is known to be infected with strawberry-latent virus (3). 
Seedlings of black raspberry, Rubus occidentalis L., were used as indicators in 
identifying the raspberry viruses. 

Two methods of inoculation were tested, grafting and the use of aphid 
vectors. The grafting technique was that described by Bringhurst and 
Voth (1) in which a detached leaflet from the donor plant is inserted into the 
split petiole of the indicators. Two aphids were used as vectors: the large 
raspberry aphid, Amphorophora rubi Kalt., which is known to be the vector 
of the raspberry mosaic viruses (9), and the strawberry aphid, Pentatrichopus 
(= Capitophorus) fragaefolii (Ckll.), which is known to transmit many of the 
strawberry viruses (4, 6). 

1Manuscript received January 15, 1957. 

Contribution No. 1585 from the Botany and Plant Pathology Division, Science Service, 
Canada Department of Agriculture, Ottawa, Ontario. 
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Graft Transmission Experiments 


Leaves from the raspberry mosaic and rubus yellow-net source plants were 
grafted to 10 plants of each of the three F. vesca strains, and leaves from the 
black raspberry necrosis source were grafted to five of each. Two leaves were 
grafted to each plant and the grafting was considered successful if one of the 
inserted leaves survived for three weeks or longer. 

Table I summarizes the results of this experiment. From the raspberry 
mosaic source, union was successful on 24 of the 30 plants of which 14 
developed symptoms. From the rubus yellow-net source, union was successful 
on all 30 plants of which 26 developed symptoms. From the black raspberry 
necrosis source, union was successful on all 15 of the grafted plants but none 
developed symptoms. The mosaic and the rubus yellow-net gave the same 
syndromes on the strawberry indicators, so that it would appear that only the 
rubus yellow-net component of the mosaic was transmitted. 


TABLE I 


GRAFT TRANSMISSION OF RUBUS VIRUSES FROM RASPBERRY TO STRAWBERRY 


Number Number Number of 
Inoculum Indicator grafted of unions transmissions 
Raspberry mosaic Alpine 10 ; 9 5 
Hybrid Alpine 10 5 3 
E M vesca 10 10 6 
Rubus yellow-net Alpine 10 10 9 
Hybrid Alpine 10 10 8 
E M vesca ° 10 10 9 
Black raspberry necrosis Alpine > 5 0 
Hybrid Alpine 5 5 0 
E M vesca 5 5 0 
Symptoms 


On Alpine 

The first symptoms were evident about 3 weeks after the grafts were made, 
when the young leaves began to bend downward. Soon after, necrotic 
lesions appeared at the base of the petioles and began to extend upward. 
Within 2 weeks these leaves were dead and lesions appeared at the bases of 
the petioles of the older leaves, which ultimately also wilted and died (Fig. 1). 
The plants were usually killed within 2 months of inoculation. 


On Hybrid Alpine 

The syndrome was less severe and developed more slowly than on the 
Alpine. The time between inoculation and appearance of the first symptom 
varied from 4 to 10 weeks. The first symptom appeared on the youngest 
expanding leaf and consisted of a downward bending and slight distortion of 
the lamina. The next two or three leaves that formed were distinctly twisted 
and distorted; the petioles were reflexed downward or sideways, the condition 
being due to unilateral necrosis involving only one side of the petiole and its 


PLATE I 


Symptoms of rubus yellow-net virus in Fragaria vesca L. 


Fic. 1. Alpine strain, 8 weeks after leaf grafting. Fic. 2. Hybrid Alpine strain, 5 
weeks after leaf grafting. Note surviving raspberry leaf (arrow). 
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basal leaflet. The tips of the young stolons hooked or curled and died in a 
few days (Fig. 2). Within 3 weeks of the onset of symptoms the young 
distorted leaves were killed. Subsequent leaves either died without unfolding 
or failed to appear. Three months after inoculation some of the plants were 
dead while others persisted with only the older leaves alive. 


On E M vesca 

Early symptoms on the latent-carrying F. vesca were similar to those on the 
hybrid Alpine but the ultimate effect of the virus was not so severe. In 
contrast to the syndrome on Alpine and hybrid Alpine, small distorted leaves, 
showing chlorosis along the veins, were produced over a longer period. 
Although these leaves usually died, the crown of the plant was not killed 
and new leaves continued to develop, some of which appeared normal. Three 
months after inoculation, only one of the 15 affected plants had died. 


Aphid Transmission Experiments 


Attempts were made to transmit raspberry mosaic to strawberry by means 
of the large raspberry aphid, A. rubi, and the strawberry aphid, P. fragaefolii. 
Aphids were given an acquisition feeding period of 1 day on leaves from a 
mosaic-infected Cuthbert red raspberry plant and then transferred, five 
aphids per plant, to the test plants for a 1-day transfer feeding. Fifteen 
Alpine seedlings were inoculated using A. rubi, and 23 Alpine seedlings were 
inoculated using P. fragaefolii. No transmissions resulted. 

Aphids were also used in attempts to recover virus from one of the E M 
vesca plants to which raspberry mosaic had been successfully grafted. As in 
the previous trials, five aphids were placed on each test plant and 1-day 
acquisition and transfer feedings were used. With the raspberry aphid 
vector, 34 black raspberry seedlings were inoculated. With the strawberry 
aphid vector, 22 Alpine seedlings, 8 E M vesca, and 22 black raspberry 
seedlings were inoculated. 

Within 3 weeks of inoculation, some of the black raspberry seedlings that 
were exposed to A. rubi showed varying degrees of netlike chlorosis along the 
smaller veins of the leaves. Symptoms were identical with those caused by 
rubus yellow-net virus as previously described on black raspberry seedlings 
(7). A month after inoculation, 22 of the 34 seedlings showed symptoms of 
rubus yellow-net. None of the seedlings developed black raspberry necrosis 
symptoms. The failure of A. rubi to recover black raspberry necrosis virus 
further corroborates the belief that only the yellow-net component was 
transmitted to the strawberry host plant. 


Discussion 


The results of these experiments show that of the two components of 
raspberry mosaic, viz., rubus yellow-net and black raspberry necrosis, only 
one, rubus yellow-net, was passed to F. vesca. This is the first report of 
transmission of a virus associated with raspberry mosaic to a host outside the 
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genus Rubus, although viruses of the ring spot type have been transmitted 
from raspberry to other genera. In Oregon, Vaughan and Wiedman (10, 11) 
reported graft transmission of a ring spot virus from raspberry to strawberry, 
and in Scotland, Cadman (2) and Harrison (5) mechanically transmitted 
viruses of the ring spot group from raspberry to a number of herbaceous hosts. 

The transmissions of rubus yellow-net from raspberry to strawberry was 
accomplished by leaf grafts. Neither the raspberry aphid, A. rubi, which is 
the natural vector of the virus, nor P. fragaefolii, which is a common vector 
of many of the strawberry viruses, transmitted the virus from raspberry to 
strawberry, although A. rubi transmitted the virus from strawberry back to 
raspberry. The reason the raspberry aphid transmitted rubus yellow-net 
virus from raspberry to strawberry but did not transmit the virus from 
strawberry to raspberry is possibly explained on the basis of the vector 
relations of the virus and the host specificity of the aphid. Rubus yellow-net 
is a nonpersistent virus and aphids usually lose their ability to transmit the 
virus within 4 hours after leaving the source of inoculum (7). The strawberry 
is an unnatural host for A. rubi and when the insects are transferred from 
raspberry to strawberry they tend to wander for several hours before attempt- 
ing to feed. It seems probable that they lose infectivity in this period. On 
the other hand, A. rubi which have been forced to feed on strawberry will 
immediately begin to feed when returned to raspberry. 

The effect of rubus yellow-net virus on the three types of F. vesca were more 
drastic than the effect of this virus on red or black raspberry (7). In the 
Alpine and hybrid Alpine the virus was lethal. In the latent-carrying E M 
vesca the symptoms closely resembled those described by Frazier (4) for 
strawberry vein banding virus on this indicator. However, the lethal effect 
of rubus yellow-net on Alpine and the fact that the virus was not transmitted 
from strawberry to strawberry by the strawberry aphid distinguish it from 
the strawberry vein banding virus. 
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TOXIN PRODUCTION BY HELMINTHOSPORIUM SATIVUM 
P.K. & B. AND ITS SIGNIFICANCE IN 
DISEASE DEVELOPMENT! 


R. A. Lupwic 


Abstract 


The production of toxic substances by Helminthosporium sativum P.K. & B. 
on a variety of artificial media was evaluated by means of a barley seed germina- 
tion test. The results suggest that these substances also limit the growth of the 
organism itself giving a fixed maximum level of toxin production. Destruction 
of toxin and renewed production continue until some other factor of the medium 
limits further growth, and culture filtrates then rapidly become inactive. The 
toxins are relatively nonspecific and appear to affect susceptible hosts by 
conditioning them to invasion by the organism. A loose correlation was found 
to exist between toxin production and pathogenicity in a limited number of 
Helminthosporium strains. Even in the presence of abundant toxin, however, 
these strains differed in their ability to invade barley seedlings indicating that 
factors other than toxin production were also involved in pathogenicity. 


Introduction 


The importance of toxins in the development of plant disease is becoming 
increasingly recognized. Luke and Wheeler (2) concluded that a difference 
in reaction to toxic substances was primarily responsible for the resistance or 
susceptibility of oat varieties to Zelminthosporium victoriae. Ludwig et al. (1) 
demonstrated toxin production by //elminthosporium sativum and showed it 
to be essential for disease development in barley seedlings. The results of 
further studies on toxin production in artificial media and the effect of toxins 
on disease development are reported in this work. 


Measurement of Activity 


Studies on microbially produced plant toxins are greatly handicapped by 
lack of assay methods of known reliability. The percentage inhibition of 
barley seed germination was used for this purpose in preliminary work on 
ITelminthosporium toxins (1). The procedure as currently employed consists 
of soaking 25 seeds of O.A.C. 21 barley in 5 ml. aliquots of an appropriate 
dilution series of the test solution for 4 to 8 hours and then transferring the 
seed to germinators, each an ordinary 9-cm. Petri dish with a filter paper in 
the bottom and a wall liner of cellucotton in contact with it. The latter 
functions as a wick and serves to maintain the filter paper in a uniformly 
moist condition throughout the germination period. Results are recorded as 
the number of seeds failing to germinate in 3 days, a seed being considered 
to have germinated when its root length exceeds its diameter. For purposes 

‘Manuscript received January 14, 1957. 
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of convenience the barley toxicity index has been taken as the mean percentage 
germination inhibition in three dilutions (viz. 100, 50, and 25%) of the solution 
under test. 

A second bioassay technique employed has been the standard spore drop — 
germination procedure using Sclerotinia fructicola as the test organism. The 
mean percentage germination inhibition in six dilutions has been taken as the 
Sclerotinia index. This value was substituted for the standard LDs5o value, 
since it involves considerably less work than the latter. 


The two assay methods were compared on a number of culture filtrates 
obtained by growing the fungus on a variety of media. The type of correlation 
obtained is indicated in the scattergram presented in Fig. 1. It will be noted 
that a few samples showed little or no activity by the Sclerotinia test but had 
high activity by the barley test. This activity is due in part to the toxicity 
to barley of the medium itself, which caused negligible inhibition in the 
Sclerotinia test. Although both of these tests have been applied in most 
experiments, subsequent toxicity data will be presented only in terms of the 
barley index in order to avoid unnecessary duplication. 
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Fic. 1. Scattergram showing the correlation between the Sclerotinia spore germination 
and barley seed germination tests for toxicity. 
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Toxin Production in Artificial Media 


The work reported in this section was undertaken with a view to obtaining 
consistent material for chemical and biological work rather than as a detailed 
study on the effect of medium on growth and toxin production. Unless 
otherwise stated, the strain of H. sativum used here was the one employed in 
previous studies (1). 

Initial experiments were carried on in still culture using media containing 
peptone. In one such experiment, media containing nutrient salts, 4% 
peptone, and varying levels of dextrose were dispensed in 100 ml. quantities in 
500 ml. Erlenmeyers. These were inoculated with a heavy spore suspension 
of the organism and incubated at 24°C. Flasks were withdrawn at weekly 
intervals for the determination of pH, mycelial weight, and toxicity. As 
might be expected the pH of all media rose from initial 5-5.5 to 8 at the end 
of the experiment. The growth curves obtained were typical ones with the 
level of growth increasing with increasing sugar in the medium up to the 5% 
maximum employed. The toxicity data are presented in Fig. 2. It will be 


noted from this figure that toxicity increases with decreasing sugar in the . 


medium and hence greatest activity is not necessarily associated with greatest 
growth. It will also be noted that although all media were toxic in themselves, 
additional activity developed as a result of the growth of the organism. 
Despite the apparent high yield of toxin obtained, peptone media were 
ultimately abandoned because of their initial toxicity and complications in 
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Fic. 2. Toxicities of peptone media with varying dextrose concentrations. 
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isolation procedures resulting from degradation products. Shake culture 
proved more satisfactory than still culture and was employed in all the 
following experiments. 

A series of experiments was undertaken using a potato dextrose (or sucrose) 
liquid medium. The potato infusions used in the preparation of the media 
involved were obtained by boiling sliced unpeeled potatoes for 1 hour in a 
volume of water equal to approximately two-thirds of that finally required. 
Solid matter was then removed by filtering the infusions through cheesecloth 
and the liquor was made up to volume. Sugar was added and 25 ml. quantities 
of the medium placed in 200 ml. Erlenmeyers. Following sterilization these 
were inoculated with } ml. of a heavy spore suspension of [Zelminthosporium 
sativum and incubated on a shaker at 24°C. The effect of varying the 
amounts of potato and sugar on gross toxicity and sugar consumption was 
studied. 


The results of the experiment presented in Fig. 3 summarize the findings 
of the series. In this experiment three levels of potato were employed in 
conjunction with three sucrose levels. The latter were selected on the basis 
of earlier experience to give a low level in which reducing sugars would be 
exhausted in 3 to 4 days, an intermediate level in which they would disappear 
in approximately 7 days, and a high level in which they would still be in 
abundance at the conclusion of the experiment. The actual quantities 
employed are given in Table |. The predictions of sugar utilization proved 
reasonably accurate, as illustrated in Fig. 3 where the points at which the 
analyses showed reducing sugars to have fallen below 0.10% are marked with 
arrows on the toxicity curves. In all cases activity reached a maximum in 
3 to 4 days. This was followed by a rapid drop at a low sugar level, in 
contrast to the sustained activity at intermediate and high levels, regardless 
of the amount of potato present. Retardation of growth coincided with 
development of maximum toxicity on all media, suggesting an inhibitory 
effect of the toxin itself. Activity declined after 9 days, even with abundant 
sugar. This was accompanied by a resumption of growth at the high potato 
level. The dips in the toxicity curves occurring at the 5th day on the high 
and intermediate sugar media were observed in numerous experiments and 
may represent a destruction of the toxin followed by renewed microbial 
activity and fresh production. 


TABLE I 


LEVELS OF POTATO AND SUCROSE IN MEDIA (SEE FIG. 3) 


Amount of sucrose g./I. 


Amount of potato, g./I. Low Medium High 
400 10 20 40 
100 5 10 20 
25 2.5 5 10 
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Helminthosporium sativum, as shown by Peterson and Katznelson (3) and 
confirmed in this work, can utilize inorganic nitrogen as either ammonia or 
nitrate as well as organic nitrogen. With a mixed inorganic source, ammonia 
nitrogen is assimilated before nitrate nitrogen and unless some means of pH 
control is employed excessive acidity will limit growth. | Preliminary experi- 
ments on growth and toxin production in inorganic media showed that a 
maximum growth was usually obtained in 7 to 10 days rather than in the 3 to 4 
days required on a potato medium. According to the various indices available 
less toxin was also produced but the peak of production, as with organic media, 
coincided with the growth maximum. 
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Fic. 3. Growth and toxicity in potato sucrose media (see Table I). Arrows indicate 
points of sugar exhaustion. 
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In the following experiment a basal medium containing KH.PO,.—0.3 g.; 
Ke_HPO,—1.2 g.; MgSO,.7H,O—0.3 g.; FeCl;.6H,O, ZnSO, .7H,0O, 
CuSO, . 5H:0, MnSO, . 5H,O—1 p.p.m. each; and dextrose 20 g. per liter 
of medium was employed. The nitrogen sources were casamino acid—0.5 g. 
N/l.; casamino acid—0.25 g. N/Il. (NH4)2SO.—0.5 g. N/I.; and casamino acid 
—0.25 g. N/Il. plus (NH4)2SO,;—0.25 g. N/I. 

The organism was grown in 25 ml. quantities of the various media in shake 
culture at 25°C. As an additional means of pH control, 0.05 g. powdered 
calcium carbonate was added to each flask prior to sterilization. Three flasks 
of each medium were withdrawn at intervals and growth, toxicity, and pH 
determined. The calcium carbonate disappeared early in the experiment. 
Until this time it was washed from the mycelium with V/20 HCI prior to dry 
weight determination. The initial pH of all media was 6.7 and throughout 
the experiment only varied between 6.3 and 7.1. Growth and toxicity data 
are presented in Fig. 4. Initial growth was more rapid with casamino acid 
as a nitrogen source than with either ammonium sulphate or a mixed source, 
although final growth was equal for equal total nitrogen. The results suggest 
that ammonium sulphate was inhibitory rather than that any of the amino 
acids were stimulatory, since initial growth with a mixed source was no better 
than with ammonia nitrogen alone. Activity curves follow the growth curves 
with a maximum being reached 3 to 4 days earlier with an organic nitrogen 
source than with either an inorganic or mixed source. Another experiment 
was undertaken in which growth and toxin production was studied on an 
inorganic medium containing nitrate as sodium nitrate. Three levels provid- 
ing 0.125, 0.25, and 0.50 g. N per liter, as well as a series of sucrose levels 
from 1 to 6%, were employed. The initial pH of all media was 6.5 and rose 
to approximately 7.2 during the course of the experiment. Growth and 
toxicity curves obtained with low and high nitrogens at the 2 and 6% sugar 
levels are presented in Fig. 5. Curves obtained with the other levels were 
intermediate in character. 

Growth increased with increasing sugar up to the maximum employed with 
no difference between nitrogen levels until a 6% sugar concentration was 
reached. Here an increase in growth resulting from increased nitrogen is 
apparent. Growth throughout, however, was poor when compared to that 
on media containing an organic nitrogen source. Toxin production was also 
relatively poor and, with the possible exception of the high sugar media, 
took 5 to 7 days to reach a maximum in contrast to the 2 to 3 day period 
required on organic media. 

Luke and Wheeler (2) described a medium containing both ammonium 
oxalate and ammonium nitrate for toxin production by Helminthosporium 
victoriae. This medium was tested for use in connection with H. sativum. 


Fic. 4. Growth and toxicity in media with ammonia sulphate and casamino acid as 
nitrogen sources. 

Fic. 5. Growth and toxicity on an inorganic medium containing nitrate nitrogen. 

Fic. 6. Growth and toxicity on Luke and Wheeler's H. victoriae medium. 
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Still and shake cultures were compared since Luke and Wheeler report that 
greater activity develops in the former than in the latter. The results 
presented in Fig. 6 show the medium to support good growth, but to be 
unsatisfactory from the standpoint of toxin production. Results obtained in 
still and shake culture were essentially the same. 


On the basis of all experiments a potato sucrose medium made from 100 g. 
per liter of potato and containing 1% sucrose was selected for production of 
toxin in biological and isolation studies. 


Toxin Production and Pathogenicity in Helminthosporium Strains 


A comparison was made between the toxin production and pathogenicity 
of seven strains of HTelminthosporium sativum. The strains, exclusive of strain 1 
used in the preceding experiments, were obtained from Dr. R. D. Tinline, 
Laboratory of Plant Pathology, Saskatoon, Saskatchewan. They were 
monoascosporic isolates selected to show a range in pathogenicity. Strains 2, 
3, and 4 were albino forms while strains 5, 6, and 7 were the typical dark forms. 

Pathogenicity was evaluated in soil artificially infested with sand-cornmeal 
cultures of the strains, using the technique previously described (1). Toxin 
production was evaluated by the barley seed assay using the potato sucrose 
medium described earlier in this work. The results are presented in Fig. 7. 
In this experiment, as in all duplications of it, strains 1 and 2 were the most 
active disease producers with strain 7 being somewhat less effective. Strains 
5 and 6 were innocuous under the conditions of these tests. Strains 3 and 4 
were intermediate between strain 7 and strains 5 and 6. It will be obvious 
from an examination of Fig. 7 that strains 1, 2, and 7 produced the highest 
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Fic. 7. A comparison of toxin production and pathogenicity in Helminthosporium 
strains. A—pathogenicity, B—toxin production. 
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toxin levels and that their peak of activity was retained for a longer period 
than was the case with the other strains. This effect was obtained repeatedly. 
Toxin production by the less virulent strains does not appear to be as closely 
linked to pathogenicity and the relative positions of the strains varied from 
experiment to experiment. Pathogenicity and toxin production did not 
appear to be related to vigor of growth in culture. 

A comparison was also made of the effect of artificial infestation of soil 
with sand-cornmeal inoculum of the seven strains of H. sativum and one 
strain of H. victoriae on the growth of barley, wheat, and oats (Victory). 
Plant height was measured after 15 days of growth. Table II gives the 
results obtained at a soil infestation level of 15%, expressed as percentage 
growth inhibition. The roots were also examined for evidence of disease. 
The order of pathogenicity to wheat and barley is the same as that recorded 
for barley in the previous experiment. 

As previously demonstrated, degree of root invasion appeared to be directly 
related to degree stunting. The oat roots, however, were in all cases relatively 
clean, although extensive stunting is apparent with the pathogenic strains 1, 
2,and 7. This suggests a susceptibility to injury by toxin but a resistance to 
invasion by the organism in oats. 


TABLE II 


GROWTH INHIBITION IN WHEAT, OATS, AND BARLEY IN SOIL 
CONTAINING 15°% SOIL-CORNMEAL INOCULUM 


Wheat Oats 


Organism Barley 
Helminthosporium sativum 
Strain 1 73 83 48 
Strain 2 66 78 30 
Strain 3 18 24 13 
Strain 4 40 55 18 
Strain 5 12 14 11 
Strain 6 25 22 8 
Strain 7 56 66 18 
Helminthosporium victoriae 54 24 30 


Comparative Susceptibility of Wheat, Oats, and Barley 
to the Helminthosporium Toxin 


The seedlings of wheat, oats, and barley used in these experiments were 
grown in gravel contained in 1-qt. wax cardboard cups. Plantings of 25 seeds 
per container were made daily for 5 days and all treated with a single 
application of toxin applied to the gravel surface on the 5th day. This gave 
seedlings 0, 1, 2, 3, and 4 days old at time of treatment. The toxin, as a cell 
free culture filtrate, was applied at a series of dilutions ranging from 100% to 0 
at 20% intervals. The 100 ml. quantity applied in each case was sufficient 
to give copious runoff. The treatments were replicated four times. The 
effect of toxin on growth was determined at 9 and 17 days after treatment by 
measuring the growth from the gravel surface to the tip of the longest leaf. 
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Fic. 8. The effect of toxic culture filtrate on the growth of wheat, oats, and barley 
seedlings of varying ages at time of treatment. Notes taken 9 and 17 days following 
treatment. 


The results of this experiment expressed as percentage growth inhibition are 
given in Fig. 8. It is apparent from this figure that barley is more sensitive 
to the toxic substances produced by Helminthosporium sativum than either 
wheat or oats and that the sensitivity of all three increases as the stage 
of germination advances. The percentage inhibition recorded 9 days after 
treatment is substantially greater than that obtained after 17 days. The 
difference represents recovery from the deleterious effects of the culture 
filtrate through the more rapid growth of the treated plants. This effect is 
easily noted with intermediate treatments, i.e. 2-day oat seedlings and 1-day 
wheat seedlings. In experiments of this type, wheat was consistently slightly 
more sensitive than oats, but differences were never sufficiently great to 
account for the differences in disease susceptibility of these two species. 


The Interaction of Toxin and Spores in Disease Development 


An experiment was undertaken in which barley seedlings of varying age were 
treated with culture filtrate in combination with spores of Helminthosporium 
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Fic. 9. Reactions of barley seedlings of different ages to spores and toxic culture 
filtrate of Helminthosporium sativum. S =spores, NS = no spores. A—appearance of 
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PLATE II 


Fic. 10. Seedlings shown in Fic. 9A washed free of sand. 1-—control, 2—spores only, 
3—culture filtrate (100°7), 4—culture filtrate and spores. 

Fic. 11. A comparison of the effect of spores of various Helminthosporium strains on 
toxin treated barley seedlings. Numbers refer to spore strain. All were treated with the 
toxin of strain 1. 
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sativum. Strain 1 of the organism was used. Cell free culture filtrate was 
obtained as previously described. Quantities of spores were grown, using 
Sherf’s method for H. oryzeae (5). Seedlings were grown in coarse gravel 
contained in wax cardboard containers, 10 seeds being planted in each con- 
tainer. Plantings were made at intervals to give seedlings 0, 1, 2, 3, 4, 6, 8, 
and 10 days old at time of treatment. Treatments were applied as a single 
100 ml. application to quadruplicate lots of seedlings from each age group. 
The treatments were as follows: 

1. water, 
. water plus spores (approximately 1.0 g. per liter), 
. 100% culture filtrate, 
. 100% culture filtrate plus spores (approximately 1.0 g. per liter), 
. 50% culture filtrate, 

6. 50% culture filtrate plus spores (approximately 1.0 g. per liter). 
The appearance of the plants after 8 days and 16 days of growth is shown in 
Fig. 9, B and A, respectively. The seedlings became increasingly susceptible 
to the effect of culture filtrate with age at time of treatment. Growth ceased 
immediately with treatment in the 6-, 8-, and 10-day-old plants, and the 
8- and 10-day-old plants had turned chlorotic and died in the 8 days following 
treatment. The control plant, treated with spores only, grew as well as those 
in the water control and showed no evidence of basal discoloration. Culture 
filtrate alone caused stunting in plants of the 0- to 4-day age group but there 
was only a slight accompanying basal discoloration. These plants tended to 
recover. Corresponding plants receiving filtrate plus spores were more 
severely stunted, showing extensive basal discoloration, and dying in the 
intermediate age groups. This is especially apparent in the 3-day-old seedlings 
in Fig. 9, A and B, and in Fig. 10, which shows some of the same seedlings 
washed free of sand for photographing. 


WwW 


In another experiment 4-day-old seedlings were treated with culture filtrate 
of strain 1 in combination with spores of each of the seven strains. The 
results are shown in Fig. 11. The addition of spores of each strain reduced 
the size of plant below that of the filtrate treated control. Spores of 
strains 1, 2, and 7 had greatest effect, 3 and 4 were intermediate, and 5 and 6 
had least effect. This is in agreement with the pathogenicity studies 
illustrated in Fig. 7 and provides further evidence that both spores and toxin 
play a role in pathogenicity. In a final experiment filtrates of a number of 
strains were used in combination with ground mycelium of a variety of 
strains. Mycelium thoroughly broken up in a Waring blendor was used in 
place of spores since the latter were not available in sufficient quantity. Again 
4-day-old seedlings were watered with 100 ml. of toxin and mycelium. Four 
replicates of 10 seedlings each were used for each treatment. The results 
expressed as percentage of seedlings failing to survive after 10 days are given 
in Table III. Mycelial suspensions alone were more active than spore 
suspensions as evidenced by the controls of strains 1 and 7. From an 
examination of Table III it is apparent that interactions, including either toxin 
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TABLE III 


INTERACTIONS AND TOXIN AND FUNGUS IN STRAINS OF H. sativum 


Toxin Mycelial strain 
producing, — 

strain None 1 3 4 5 6 7 
None 10* 25 5 3 10 5 15 

1 30 100 60 83 63 45 90 

3 a 93 30 36 33 13 68 

5 15 95 30 45 50 25 65 

7 20 100 35 75 93 40 93 


*Percentage seedlings failing to survive 2 weeks following treatment of 4-day-old seedlings. 


or mycelium from strains 1 and 7, are most effective in inducing disease. 
Mycelium of the relatively innocuous strain 4, for example, when combined 
with toxin from strain 1, reduced stand by 83%. Again the dual role of 
toxin and fungus is apparent. 


Discussion 


Helminthosporium sativum, as previously reported by Peterson and Katz- 
nelson (3), was found to utilize both organic and inorganic nitrogen. Al- 
though ultimate growth might be equal, however, the initial rate of growth 
varied and the maximum was reached much more quickly’ with an organic 
source. Two to four days were required, for example, with either a potato 
decoction or casamino acid while 5 to 7 days were required with either ammonia 
or nitrate. This difference could be of considerable significance in the ecology 
of the organism. 

Maximum toxin production, as evaluated by toxicity to germinating barley 
seed, coincided with an inhibition of fungal growth. In all experiments the 
activities of culture filtrates reached a peak and then declined, the period of 
sustained maximum varying with the medium. A rapid drop in activity 
always occurred on exhaustion of the sugar in the medium, as evidenced by 
the data in Fig. 2, although the decline ultimately occurred even in the 
presence of abundant sugar. The maximum toxicity developed was constant 
for a variety of media. The results suggest that toxins are produced until 
they limit further growth of the organism. This is followed by a breakdown 
of the toxic substances in the culture and renewed production. A period of 
sustained activity would then represent an equilibrium between production 
and destruction. Limitation of growth by some other factor such as available 
carbohydrate prevents further production, and activity very rapidly disappears 
from the medium. The effect may be either directly on growth or the result 
of the lack of substrate for toxin production. 


The toxins dealt with in the experiments reported here were nonspecific in 
their action, affecting wheat, oats, and barley approximately equally. This 
is in contrast to the extreme selectivity reported by Luke and Wheeler (2) for 
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the toxins of H. victoriae. Oat plants recovered more rapidly following 
treatment than did either wheat or barley but differences weré not great 
enough to account for differences in susceptibility of these three species. 

A comparison of the pathogenicity of a limited number of isolates of 
H. sativum showed that those which were more pathogenic were those which 
produced most toxin. This correlation was not so apparent in the less 
pathogenic strains. 

Many of the symptoms characteristic of seedling blight, such as stunting, 
chlorosis, and loss of normal tropic responses, were produced by the application 
of toxic culture filtrates to barley seedlings. The severity of damage was 
dependent on dosage applied. With extreme treatments death resulted while 
with more moderate treatments less severe symptoms developed and the plants 
ultimately recovered. Filtrates alone produced no discoloration or breakdown 
of tissue. Applications of heavy spore suspensions to the planting medium 
were innocuous to barley seedlings as previously reported (1) and illustrated 
in Fig. 10. When these spore suspensions were applied in conjunction with 
toxin, however, the seedlings became severely diseased and usually failed to 
survive. The relatively nonspecific toxins of Helminthosporium sativum, in 
other words, predispose or condition the plant to invasion by the organism. 
An analogous case is that reported by Rands and Dopp (4), who found that 
salicylaldehyde and vanillin, substances known to occur in certain soils (6), 
predisposed sugar cane plants to invasion by Pythium. 

Differences between strains of HZ. sativum (8) are not solely dependent on 
their ability to produce toxins. Some other factor inherent in the organism 
itself is also involved as evidenced by the results presented in Fig. 11, where 
spores of various strains were recombined with an active toxin preparation. 
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OBSERVATIONS ON THE ROOT NODULES OF SHEPHERDIA! 
I. C. GARDNER AND G. BoNnD 


Abstract 


Nodulated plants of Shepherdia canadensis have been raised in solution 
culture and shown to be able to grow and increase their nitrogen content in a 
solution free of combined nitrogen. A fixation of atmospheric nitrogen by the 
nodules is indicated by the data obtained, and under the prevailing conditions 
it attained a maximum of about 8 mg. per plant during the first season of growth 
from seed. The nodule development was secured by the application of an 
inoculum prepared from nodules of the related genus Hippophaé. Nodulation 
occurred at pH 6 and 7 but not at pH 5; it was also suppressed by the presence 
of small amounts of combined nitrogen in the culture solution. The capacity 
of the nodulated Shepherdia plant to fix nitrogen is probably of ecological 
importance. 


Introduction 


As a part of the investigations on non-legume root nodules that are in 
progress in the authors’ laboratory, attention has been paid to the nodules of 
Shepherdia. This shrubby genus comprises three species (S. canadensis, 
S. argentea, and the rarer S. rotundifolia) all confined to North America. 
According to Macoun (10), Britton and Brown (6), Servettaz (16), and informa- 
tion given to us by Professor J. Walton, the first two species are of frequent 
occurrence in that continent, growing typically in the vicinity of water courses 
and lakes between latitudes 35° and 65°N., but sometimes extending North 
of the Arctic Circle; altitudes of 11,000 ft. may be attained. 

Shepherdia, Hippophaé, and FElaeagnus together form the family 
Elaeagnaceae, and all three genera form nodular swellings on the roots in 
response to invasion by soil microorganisms which have been considered by 
some investigators of nodule cytology, for example Schaede (15), to be 
actinomycetes. The endophyte resides in the hypertrophied cortical cells of 
the modified lateral root which the nodule represents. The physiological 
significance of Hippophaé nodules has been studied over a period of several 
years in the authors’ laboratory, and many hundreds of nodulated plants 
have been raised. It has been shown that the nodules are nitrogen-fixing, 
and that their presence enables the plant to grow satisfactorily in a rooting 
medium free of combined nitrogen (5). The scanty literature relating to 
Elaeagnus, which will be reviewed elsewhere, suggests that the nodules in this 
genus (a fairly large one with 30 species) may also have nitrogen-fixing 
properties. 

The only previous direct evidence known to us on the physiological signifi- 
cance of Shepherdia nodules is that provided by Nobbe and Hiitner (12). 
They reported very briefly that seven plants of S. canadensis had been grown 
to an age of 4 years in sand culture. Two were control plants without nodules, 
and they showed a mean height of 25 cm. at the end of the period. The five 

1Manuscript received January 15, 1957. 
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remaining plants had been inoculated at an early stage by the addition to the 
sand of crushed nodules from other Shepherdia plants (presumably growing in a 
European botanic garden), in response to which they formed nodules eventually 
attaining the size of hazelnuts. These plants grew more strongly than the 
control plants, and showed a final mean height of 68 cm. On this evidence it 
was concluded that nodulated plants of Shepherdia can fix atmospheric nitro- 
gen. The attainment by the control plants of the considerable height stated 
above suggests that control over the access of combined nitrogen to the plants 
was incomplete, but Nobbe and Hiltner were reliable investigators and it need 
not be doubted that their observations justified an at least tentative conclu- 
sion along the lines indicated. Clearly there is a need for confirmation 
and extension of their findings. 


Raup (13) refers to the prevalence of Shepherdia in subarctic regions of 
North America and appears to suggest, very tentatively, that fixation possibly 
associated with the nodules may be of special ecological significance in such 
areas. He does not actually state that he had confirmed that plants growing 
so far North regularly bear nodules. Moss (11), while not specifically referring 
to the possible possession of nitrogen-fixing properties by Shepherdia, evidently 
holds what may be a widespread view that the presence of S. canadensis is an 
indication of poor soil conditions. This could be interpreted as circumstantial 
evidence in favor of the possession by the plant of special facilities for gaining 
nitrogen. Crocker and Major (7) report that Shepherdia is prominent in the 
early stages of plant succession on the recently deglaciated areas at Glacier 
Bay, and that it is capable of vigorous growth despite the paucity of soil 
nitrogen. 


Methods 


Fruits of S. canadensis (L.) Nutt. collected at Churchill, Manitoba, in the 
previous month were forwarded to us in December, 1954, by Professor 
N. W. Radforth. Preliminary trials showed that the germination of the 
extracted seed, effected in trays of sand moistened with Crone’s solution free 
of combined nitrogen (see below), was much improved by prior exposure of 
the seed, held in moist sand, to a temperature of approximately +2° C. for 
4 to 5 weeks. Exposure to a lower temperature (—8° C.) for the same period 
was less beneficial. In the main sowing in spring, 1956, a germination of 65°¢ 
was obtained after the pretreatment at + 2° C. 

At the stage when the cotyledons were opening, the seedlings were trans- 
planted into water culture in Crone’s solution, the latter being prepared to a 
nitrogen-free formula, with minor elements added (1); in the main experiment 
the solution was used at half strength. The containers consisted of 2}-liter 
glass jars covered by teak tops with holes for six seedlings. The newly- 
transplanted seedlings were supplied with 20 mg. combined nitrogen as 
ammonium sulphate per liter of culture solution and allowed to grow on (at 
a pH of 6.7) until four leaves were expanded. Where nodule development 
was desired the young plants were then usually transferred into nitrogen-free 
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Crone’s solution with pH adjusted as required, and 2 days later an inoculum, 
prepared by pulverizing nodules from other plants (see below) in the proportion 
of 3.5 g. nodules to 100 ml. water and filtering through muslin, was applied to 
the roots by means of a brush. This method of inoculation is necessary since 
so far it has proved impossible to isolate and grow in pure cuiture the 
endophytes of non-legume root nodules. Autoclaved inoculum was added to 
jars of plants which were to serve as controls. To certain jars of plants 
additions of combined nitrogen were made 2 days prior to inoculation. At 
this stage of the experiment the plants were of uniform size. 

The plant cultures were placed in a greenhouse; the pH of the culture 
solution was checked every few days and corrected if drift had occurred, 
and the culture solution was renewed at approximately monthly intervals. 
Continuous forced aeration of the culture solution was provided during most 
of the growth period, the bubbling tubes consisting of fine-bore glass capillary 
with obliquely-ground ends. 


Data Obtained 
Nodule Development 

In the first attempt to secure nodulation of plants, in spring 1955, nodule 
material from a plant of Shepherdia argentea growing in the Royal Botanic 
Garden, Edinburgh, was used in the preparation of the inoculum for applica- 
tion to the roots of young plants in water culture. No nodules resulted from 
this inoculation. While no final explanation of this result can be offered, it 
may be noted that in the case of Hippophaé some variation in the infective 
power of nodule material has previously been detected (5), while in unpublished 
observations Dr. J. T. MacConnell has found that in A/nus occasional samples 
of nodules yield an inoculum of negligible infectivity; possibly there is a 
phasic variation in the condition of the endophyte within the nodules which 
affects infective power. No further tests have been made with nodules from 
the Edinburgh plant since its nodulation was too sparse to allow of repeated 
sampling. 

In further trials in the same year Shepherdia plants were inoculated with a 
suspension of nodules from plants of Hippophaé rhamnoides growing in the 
greenhouse; the latter plants had nodulated in response to inoculation with 
Hippophaé nodule material from St. Andrews, Fife. This inoculation of 
Shepherdia proved successful, since nodules appeared after 15 days and 
subsequently became very numerous; it was, however, too late in the summer 
for observations on the further growth of the nodulated plants. It was thus 
established that the Hippophaé organism will also cause nodulation in 
Shepherdia. It is very probable that the nodules on the Edinburgh plant 
(above) had formed in response to infection by the Hippophaé organism, since 
it is unlikely that the Shepherdia organism, if in fact it is in any way different 
from that of Hippophaé, would have been present in a British soil. 

For the main experiment set up in spring, 1956, it had been hoped to secure 
Shepherdia nodules from Canada for inoculation purposes, but at the last 
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minute unexpected difficulties arose and it became necessary to use Hippophaé 
inoculum, prepared from St. Andrews nodule material. This experiment 
involved some 120 plants and included a study of the effect of the pH of the 
culture solution and of the presence of combined nitrogen on nodulation, in 
addition to the study of the main problem of the possible nitrogen-fixing 
properties of the nodules. 


TABLE I 


EFFECT OF pH AND THE PRESENCE OF COMBINED NITROGEN ON 
NODULATION IN Shepherdia 


Mg. NHa-N No. plants 

per liter of culture Total no. plants nodulated 5 weeks 

pH of culture solution solution set up after inoculation 
5.0 0 24 0 
6.0 0 30 29 
7.0 0 24 23 
7.0 5* 12 0 
7.0 20* 12 0 


*The ammonium content of the culture solution was determined periodically and further 
amounts added as required to compensate for uptake by the plants. 


Data on nodule development are presented in Table I. They show that in 
nitrogen-free solution nodulation was satisfactory at pH 6.0 and 7.0, but that 
it failed completely at pH 5.0. A subsidiary experiment showed that if 
provided with combined nitrogen the Shepherdia plant itself would grow at 
pH 5.0, indicating that the failure of the nodules to develop at that pH was 
due to a harmful effect of the moderate acidity on the nodule organism rather 
than on the host plant. Table I also shows that the presence of only 5 mg. 
ammonium-nitrogen per liter of culture solution entirely suppressed nodule 
formation. <A particularly careful watch was kept on the pH in these jars 
containing combined nitrogen, and it can be stated that the pH did not fall 
below 6.0 in the 6 weeks following inoculation. The plants supplied with 
combined nitrogen grew much more strongly at this early stage than those with 
nodules in nitrogen-free solution (Fig. 3), but after about 2 months the roots 
of the combined nitrogen plants ceased growth and assumed an unhealthy 
appearance, suggesting that cultural conditions were in some respect unsuit- 
able. The root symptoms were confined to these particular plants and will 
be investigated further. 

In nitrogen-free solution at favorable pH the first nodules appeared 18 days 
from inoculation, and practically all plants were nodulated in 4 to 5 weeks. 
This is rather slower than in a recent experiment with a shrubby legume 
(Ulex europaeus) under similar conditions (8): here nodulation began 1 week 
after inoculation and all plants bore nodules by the end of 2 weeks. Fig. 1 
shows that the total number of nodules was greater at pH 6.0 than at pH 7.0, 
and that in both cases the number was still increasing rapidly when regular 
counting was terminated after 6 weeks. Data to be presented below will 
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Fic. 1. Progress of nodule formation on Shepherdia plants growing in culture solution 
of different pH. The data for pH 7.0 were calculated from counts actually made on 

24 plants. 
show that by 17 weeks from inoculation the number of nodules per plant 
ranged up to 56; the larger nodules then showed a branched, compound 
formation, as in other non-legume root nodules. Fig. 2 shows a typical 
nodulated root system. 

As stated already, the above plants were inoculated at the four-leaf stage 
of development. In another case 12 plants were inoculated at the two-leaf 
stage. After 6 weeks one plant showed two nodules, another one nodule, the 
rest being nodule-free. Thus as shown for the closely-related genus Hippophaé 
(5) it seems that very young seedlings of Shepherdia are almost immune to 
infection by the nodule organism. It is possible that this is related to the 
presence in such seedlings of a relatively low carbohydrate-nitrogen ratio; it 
is well known that the level of this ratio is an important factor in nodulation 
in legumes. Support for this idea has been obtained in trials with Hippophaé 
rhamnoides in which young plants were held in nitrogen-free solution and 
different groups inoculated at successively later dates, the results being shown 
in Table II. It is clear that as the value of the carbohydrate-nitrogen ratio 
rose the infectibility of the plants increased rapidly. In the last set to be 
inoculated nodules appeared after 11 days, which is the shortest time yet 
experienced with any non-legume. 


The Subsequent Growth of Nodulated Plants. Evidence for Fixation of Nitrogen 

The experiment begun as noted above in spring, 1956, was continued 
through the summer. The control plants, which remained without nodules, 
showed little further growth and developed increasing signs of nitrogen 
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TABLE II 


EFFECT OF NITROGEN STATUS OF PLANT ON INFECTION IN Hippophaé rhamnoides 


Time of % N content 
inoculation of dry matter No. plants 
(days from of similar No. plants nodulated after Total no. 
transplanting)* plants inoculated 6 weeks nodules 
2 9.8 11 2 4 
15 5.1 10 4 5 
36 2.8 4 10 33 


*The seedlings were transplanted at the cotyledon stage into nitrogen-free solution and 
remained in such a solution throughout. 


deficiency, with premature yellowing and loss of leaves. The inoculated 
plants tended to develop similar symptoms, including the loss of leaves, until 
nodulation had occurred. Thereafter the plants slowly resumed growth and 
formed additional leaves. All the nodulated plants became superior to the 
control plants, but the degree of superiority varied, apparently depending on 
the number of nodules formed. After 17 weeks from the date of inoculation 
five nodulated and five control plants, mostly from pH 6.0, were harvested 
and subjected to detailed analysis. The nodulated plants selected included 
the best nodulated and largest of the plants available, since it seemed most 
informative to assess the maximum benefit that the nodules could convey to 
the plants. The data obtained are presented in Table III. The superiority 
of the nodulated plants over the controls in respect of height, root length, dry 
weight, and nitrogen content is quite marked. It would have been better if 
the leaves which had fallen to an approximately equal extent from both 
nodulated and control plants during the period of the experiment had been 
stored and added to the plant material at harvest. Though this was not 
done it is certain that the addition of such shrivelled, depleted tissues would 
have made little difference to dry weights and still less to nitrogen contents. 
The plants that were harvested are shown in Fig. 4. 

Calculation from the data in Table III shows that the mean percentage 
nitrogen content of the roots and shoots together of the nodulated plants was 
2.87 and of the nodules 4.36, much variation being shown in the nodule figure 
for individual plants; percentage nitrogen for the control plants was 1.56. 
Nodule dry weight as a percentage of whole plant dry weight amounted to 5.9. 

Comment on the above findings will be offered below. The remaining 
plants from the experiment are being grown on into a second year. 


Fic. 2. Nodulated _— system of Shepherdia canadensis, from water culture, 15 weeks 
after inoculation. (Xx 1/2 

Fic. 3. Left to right: Shepherdia plants supplied with 20 mg. ammonium-nitrogen 
per liter of culture solution; nodulated plants in nitrogen-free solution; control plants in 
similar solution. All 5 weeks after inoculation. (x 1/5) 

Fic. 4. Shepherdia plants in nitrogen-free solution, 15 weeks after inoculation. Left, 
nodulated plants; right, non-nodulated control plants. The latter had shed all their 
leaves as a result of nitrogen-deficiency. (xX 1/3) 


| 
310 
5% 
: 

a 
~ 
x. 
: 


Gardner and Bond—Can. J. Botany 


PLATE | 
a 
> 
Py 


— 

4 

= 


*quyjd yova jo AY} UO INO pated 430 [Yepjaly 
*sa]npou ajZuls se pazuNod ‘sainjonsjs punodwod ‘payouesq pry sajnpou Vy] 


et 18 — 18 o's 6 

rt L9 19 0 1Z 8 

= I'l 89 — 89 0 

= If It 0 £7 07 9 

18°8 19°0 88Z 0z 897 Le 

18°0 967 I S87 1g I pare[npon 

joo1 pue saynpon pue 4sajnpou "wo ‘y ‘yooys ‘ON quejd jo 
yOOYS yOOYS jo Joquinny O01 jo yueld 


GANIHWOD AO NOLLATOS NI NMOUD pipsayd ays AO SINV1d GALVINGON-NON GNV GALVINGON dO VLIVd ISHAXYVH 


ATaVL 


| 
|| ‘ 
| 
} 
} ‘ 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
1] 
il 
| 
| 


312 CANADIAN JOURNAL OF BOTANY. VOL. 35, 1957 


Discussion 


Roberg (14) showed that Hippophaé and Elaeagnus are reciprocally cross- 
inoculable as regards their nodular endophytes. The finding now reported 
that the Hippophaé endophyte will infect Shepherdia takes the record for the 
Elaeagnaceae one stage further. At present there seems no reason against 
regarding the three endophytes as being one and the same organism. 

The data now provided on the effect of pH and combined nitrogen on 
nodule development in Shepherdia may help to explain variations in the 
incidence of nodulation in the field which future observations may reveal. 
The data match very closely those previously obtained for Hippophaé, though 
they differ appreciably from corresponding data for Myrica and Alnus (4, 8). 
In particular, nodulation in the first two genera is much more sensitive to the 
presence of combined nitrogen than in Myrica and ‘Alnus. 

The data reported show that nodulated Shepherdia plants have a 
definite ability to grow and increase their nitrogen content in a solution free 
of combined nitrogen. Thus a fixation of atmospheric nitrogen must be 
associated with the nodulated plant, in agreement with the conclusion of 
Nobbe and Hiltner (see p. 306 of the present paper). An approximate measure 
of the fixation may be derived from the data in Table III by subtracting the 
mean nitrogen content (1.0 mg.) of the control plants from the nitrogen 
contents of the nodulated plants, the figures so obtained ranging from 4.4 to 
7.9 mg. Owing to the method of selection of plants for harvest, these figures 
indicate the maximum order of fixation in the population of nodulated plants. 
It is extremely probable that this fixation occurs in the nodules. The main 
supporting evidence for this in the case of Shepherdia is the relatively high 
percentage nitrogen content of the nodules (p. 310), but in Alnus, Myrica, and 
Casuarina much additional evidence that the fixation is a nodular function 
has been provided (2, 3), including the observations that if the nodules are 
excised fixation is no longer associated with the plant, although the nodules 
themselves continue to fix nitrogen for a limited period as shown by isotopic 
technique; also if nodulated plants are exposed for a relatively short period 
to an excess of free !®N it is in the nodules that the greatest accumulation of 
fixed isotope is subsequently found. This varied evidence makes inescapable 
the conclusion that the nodules are the site of the fixation; an acceptable 
alternative explanation of the data cannot be derived from consideration of 
the circumstance that owing to technical difficulties the evidence was based on 
experiments of non-aseptic type (as is also true of the Shepherdia data). 
Though it has not yet been possible to assemble such full evidence for 
Shepherdia, the general position is clearly similar to that in the other non- 
legumes mentioned. It is apparent that in these plants the nodules have just 
the same significance as in legumes. 

In case it is suggested that the rate of growth and fixation were rather slow 
in the Shepherdia experiment, it should be pointed out that the summer of 
1956 was a very poor one in Britain, with many days of subnormal light 
intensity and temperature. First-year nodulated plants of Hippophaé, a 
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stronger-growing genus than Shepherdia, fixed a mean of 28 mg. nitrogen per 
plant during 18 weeks from inoculation in the excellent summer of 1955, but 
in the following summer the fixation by plants raised from similar seed and 
inoculated from nodules from the same locality as before was estimated to be 
only about a third of that figure. A further possibility is that cultural 
arrangements which have proved satisfactory for other genera of nodulated 
plants are less suitable for the particular case of Shepherdia. ‘This will 
be examined. 


Admittedly the immediate relevancy of the experiments to field conditions 
might have been greater had it been possible to inoculate the plants from 
North American Shepherdia nodules, but if in fact the nodules of all the 
Elaeagnaceae harbor the same endophyte then the use of Hippophaé nodules 
as a source of inoculum does not detract from the ecological significance of 
the experiments. Subject to a slight reservation on this account, the data 
suggest that nodulated Shepherdia plants in the field will be able to use 
atmospheric nitrogen in their growth; by eventual decay the fixed nitrogen is 
likely to benefit the growth of other plants in the same area. The ecological 
importance of this capacity for fixation depends principally on how prevalent 
nodulation is in field plants. The general tenor of the literature is that the 
possession of nodules is typical of the genus, but confirmation of their presence 
in any particular area would be desirable before any special ecological 
significance was claimed for Shepherdia. MacConnell and Bond (9) conclude 
that in general the importance of non-legume nodule-bearing plants in the 
biogeochemistry of nitrogen is greater than has often been estimated. 


Acknowledgments 


The authors are indebted to Professor N. W. Radforth for the provision of 
Shepherdia seed and to Dr. H. R. Fletcher and Dr. L. W. Poel for furnishing 
nodule material of Shepherdia and Hippophaé respectively. Photographic and 
technical assistance was given by Mr. W. Anderson and Miss K. McCormick. 
The work was made possible by the tenure of a Carnegie Research Scholarship 
by one of us (I.C.G.). 


References 


1, Bonn, G. The fixation of nitrogen associated with the root nodules of Myrica gale L., 
with special reference to its pH relation and ecological significance. Ann. Botany, 
15, 447-459 (1951). 
2. Bonn, G. An isotopic study of the fixation of nitrogen associated with nodulated plants 
of Alnus, Myrica, and Hippophaé. J. Exptl. Botany, 6, 303-311 (1955). 
3. Bonpb, vt The development and significance of the root nodules of Casuarina. (In 
press). 
. Bonn, G., FLETCHER, W. W., and FerGuson, T. P. The development and function of 
the root nodules of Alnus, Myrica and Hippophaé. 7 and Soil, 5, 309-323 (1954). 
. Bonn, G., J. T., and A. The nitrogen-nutrition of 
Hippophaé rhamnoides L. Ann. Botany, 20, 501- S12) (1956). 
. Britton, N. and Brown, A. An illustrated flora of the Northern United States, Canada 
and ‘the British possessions. Charles Scribner’s Sons, New York. 97. 
. Crocker, R. L. and Major, J. Soil development in relation to vegetation and surface 
age at Glacier Bay, Alaska. J. Ecol. 43, 427-448 (1955). 


A 


4 


314 


8 


9 


10. 


12. 


13. 
14. 


45. 
16. 


CANADIAN JOURNAL OF BOTANY. VOL. 35, 1957 


MacConnELlL, J. T. and Bonn, G. A comparison of the effect of combined nitrogen on 
nodulation in non-legumes and legumes. Plant and Soil. (In press). 

MacConne Lt, J. T. and Bonn, G. Nitrogen fixation by wild legumes. Ann. Botany, 
21, 185-192 (1957). 

Macouwn, J. Catalogue of Canadian plants. Pt. I. Dawson Brothers, Montreal. 1883. 

a Forest communities in northwestern Alberta. Can. J. Bot. 31, 212-252 

NosseE, F. and HiLtner, L. Ueber das Stickstoffsammlungsvermégen der Erlen und 
Elaeagnaceen. Naturw. Z. Forstu. Landwirtsch. 2, 366-369 (1904). 

Raup, H. M. Botanical problems in boreal America. I. Botan. Rev. 7, 147-208 (1941). 

Roperc, M. Uber den Erreger der Wurzelknéllchen von Alnus und den Elaeagnaceen 
Elaeagnus und Hippophaé. Jahrb. wiss. Botan. 79, 472-492 (1934). 

SCHAEDE, R. Die pflanzlichen Symbiose. Gustav Fischer. Jena. 1948. 

alt C. Monographie des Eléagnacées. Botan. Centr. Beih. Abt. 2, 25, 1-420 


ae 
L 
i. 
int 
(1909). 
4 
ag 
ry 
. 


STUDIES ON ERGOT INFECTION IN GRAMINEOUS HOSTS! 
W. P. CAMPBELL? 


Abstract 


Four hundred and twenty-one isolates of Claviceps purpurea from 38 different 
host species were cultured on an artificial medium. The conidial cultures were 
used to inoculate rye, wheat, and barley growing in the greenhouse. All cultures, 
except one from Glyceria borealis, infected the three host species. Honeydew 
from rye was used to inoculate 46 gramineous species in the field and in the 
greenhouse. Every one of these grasses became infected in both locations. It 
is shown that all indigenous and forage grasses constitute a reservoir of ergot 
inoculum for rye, wheat, and barley, and that these cereals can be infected 
provided the environmental conditions are such that inoculum will be dis- 
seminated at the time that the cereal crops are in blossom. 


Introduction 


Claviceps purpurea (Fr.) Tul. is known to parasitize many species and 
genera of the Gramineae, including our common forage and cereal crops. 
This fungus attacks the inflorescence at flowering time and some of the grain 
in the head is replaced by sclerotia of the parasite. Data from extensive 
field surveys in Alberta showed that ergot was prevalent on wheat, barley, 
and rye in 1953, but in 1954 it was comparatively scarce on these cereals. In 
1953 ergot was found in varying amounts in 13.3% of 645 fields of wheat, 
7.2% of 376 fields of barley, and 53.4% of 58 fields of rve. In 1954 ergot was 
recorded in 1.6% of 626 fields of wheat, 4% of 351 fields of barley, and 15.4% 
of 39 fields of rye. The parasite was common on the roadside grasses in both 
years. The inoculum was thus present each year but caused more infection of 
cereals during the former season than in the latter. The official yearly 
inspection of carload lots of rye (3) serves to emphasize the sharp variability 
in the seasonal incidence of ergot. In the 1941-42 crop year 0.9°% of the 
carload lots were graded ergoty, while in 1942-43 15.3% were so graded. For 
the 1950-51 crop vear 7.7% of the carload lots graded ergoty, whereas in 
1951-52 only 0.2°% were ergoty. In 1952-53 the incidence was 10.1% 

The weather at flowering time has been shown to be an important factor 
in influencing infection by ergot (10) and this has probably been one of the 
causes of the wide variability in the incidence of ergot in cereals. However, 
other factors may also be involved and one of these is the host range of the 
pathogen. 

There are conflicting reports in the literature concerning host specificity 
and the ability of the fungus to pass from one host species to another. Stiager 
(5, 6, 7, 8, 9) tested a large number of host species with several isolates 
of the fungus. He concluded that not only were there several species of 
Claviceps but that within C. purpurea itself there were several races, each 

‘Manuscript received February 13, 1957. 

Contribution No. 1590 from the Botany and Plant Pathology Division, Science Service, 


Canada Department of Agriculture, Ottawa, Ontario. 
*Plant Pathology Laboratory, Edmonton, "Alberta. 


Can. J. Botany, 35 (1957) 


316 CANADIAN JOURNAL OF BOTANY. VOL. 35, 1957 


with its own distinct host range. Race I (from rye) attacked barley, wheat, 
Anthoxanthum odoratum, Hierochloé borealis, Arrhenatherum elatius, Dactylis 
glomerata, Hordeum murinum, Festuca pratensis, Phalaris arundinacea, Holcus 
mollis, Brizia media, Calamagrostis arundinacea, Bromus sterilis, Poa caesia, 
P. pratensis, P. sudetica, P. hybrida, P. compressa, P. alpina, and P. concinna. 
On the last two of these hosts there was only a transitory infection which did 
not produce sclerotia. Race II (from Brachypodium sylvaticum) attacked only 
Poa annua and Milium effusum. Race III (from Lolium perenne) attacked 
only Bromus erectus, Lolium italicum, L. temulentum, and L. rigidum. Békésy 
(1), however, found that Bromus erectus, Lolium perenne, and Melica uniflora 
were all susceptible to ergot from rye, although Stager had listed them as 
immune. Békésy also successfully infected rye with ergot from Lolium 
perenne. Brown (2) has shown that a single strain of C. purpurea could 
attack rye, wheat, barley, oats, Bromus inermis, Agropyron spp., Elymus spp., 
and Poa pratensis. Brown (2) and Fyles (4) have demonstrated that Claviceps 
from Zizania aquatica will not infect cereals or other grasses. 

Stager (5) used three methods of inoculation: spraying the heads with a 
spore suspension, dipping the heads into a spore suspension, and dropping 
the spore suspension into the florets while the glumes were held apart. Many 
of the host species were inoculated by only one method and when negative 
results were obtained no second attempt was made to infect the plant in 
question (5). Triticum spelta (5), for example, was inoculated once with a 
single strain of C. purpurea and when it did not become infected it was 
considered to be immune. 

Ergot sclerotia are usually prevalent in the grasses by the roadside and in 
the headlands of cereal fields. It was of interest to determine if ergot cultures 
from these grasses were able to infect the cereal species. 


Materials and Methods 


During the autumns of 1953, 1954, and 1955, 421 samples of ergot were 
collected from wild and cultivated hosts. These samples were obtained at 
different points in Canada, chiefly in the Prairie Provinces. Some collections 
from wild grasses came from areas remote from any cultivation. The hosts 
from which the collections were taken and their geographic distribution are 
shown in Table I. 

The sclerotia were surface sterilized by shaking for 30 seconds in 0.1°% 
aqueous mercuric chloride, rinsed in sterile water, and cut into small pieces 
with a sterile knife. The pieces were plated out on an acidified medium of the 
following formulation: 10 g. dextrose, 5 g. malt extract, 5 g. yeast extract, 
20 g. agar, and 1 liter of water. When the mycelium grew out of the ergot 
fragments it was transferred to slants of potato-dextrose agar on which 
satisfactory sporulation occurred. Spore suspensions from these tubes were 
used as inoculum for the test host plants. 

In attempts to secure satisfactory infection, four methods of inoculation 
were tested on Thatcher wheat, Newal barley, and Prolific rye. These 
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methods were: heads of host dipped into a spore suspension; spore suspension 
injected into floral cavity; inoculum sprayed on the heads; and the tips of 
glumes clipped away before heads sprayed with inoculum. The method 
finally adopted varied according to the host plant. For rye and wheat the 
tips of the glumes were removed when the anthers appeared, and the heads were 
then sprayed by atomizer with a suspension of the conidia. To secure 
infection in barley it was necessary to inoculate the heads as they were 
emerging from the leaf sheath. No infection resulted if inoculation was 
delayed until the anthers appeared. The sheath was cut back, the awns and 
glume tips clipped off, and the spore suspension was sprayed on the heads. 
It was occasionally necessary with all these hosts to repeat the inoculation to 
obtain infection. All inoculations were done with an atomizer which was 
thoroughly washed with 0.1% aqueous solution of mercuric chloride and rinsed 
with water before spores of another isolate were passed through it. Two sets 
of controls were used. In one set an isolate of C. purpurea that produced 
only white sclerotia was used as inoculum and in the second set the heads were 
sprayed with sterile water. Humidity chambers were not used since they 
were found to be unnecessary. The greenhouse was fumigated regularly to 
rid it of insects. 

In a field test the following grasses were inoculated with conidial suspensions 
of ergot from rye: Agropyron cristatum (L.) Gaertn., A. desertorum (Fisch.) 
Schult., A. elongatum Host., A. inerme (Scribn. & Smith) Rydb., A. inter- 
medium (Host) Beauv., A. riparium Scribn. & Smith, A. trachycaulum (Link) 
Malte, A. triticeum Gaertn., Agrostis alba L., A. tenuis Sibth., A. palustris 
Huds., Alopecuris occidentalis Scribn. & Tweedy, Bromus erectus Huds., 
B. inermis Leyss., B. latiglumis (Shear) Hitche., Calamagrostis canadensis 
(Michx.) Beauv., Dactylis glomerata L., Danthonia intermedia Vasey, Elymus 
canadensis L., E. interruptus Buckl., E. junceus Fisch., E. sibericus L., 
E. virginicus L., Eragrostis minor Host., E. pilosa (L.) Beauv., Festuca elatior 
var. arundinacea (Schreb.) Wimm., F. rubra L., F. rubra var. commutata 
Gaud., F. scabrella Torr. var. major Vasey, Koeleria cristata (L.) Pers., Phalaris 
arundinacea 1.., Phleum pratense L., Poa ampla Merr., P. canbyi (Scribn.) 
Piper, P. compressa L. P. cusickii Vasey, P. interior Rydb., P. pratensis L., 
P. pratensis ‘Merion’, Polypogon monspeliensis (L.) Desf., Schedonnardus 
paniculatus (Nutt.) Trel., Setaria glauca (L.) Beauv., Sitanion hystrix (Nutt.) 
J. G. Smith, Sphenopholis obtusata (Michx.) Scribn., Sporobolus neglectus 
Nash, Stipa spartea Trin., and Stipa viridula Trin. The same group of 
grasses was also inoculated under greenhouse conditions. 


Experimental Results and Discussion 


Ergot samples were collected from a wide range of hosts. The number of 
collections on each host and their regional distribution are shown in Table I. 
All but one of these isolates produced infection on rye, wheat, and barley; the 
lone exception was one of the three from Glyceria borealis, which did not 
infect any of the test species. The other two collections from this host did 
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TABLE I 


GEOGRAPHIC DISTRIBUTION OF THE HOSTS FROM WHICH 
Claviceps purpurea WAS COLLECTED 


Peace River 
district, 
Alberta, 
Creston, and , 
B.C. British Central Southern Saskat- Mani- Southern 
Host Columbia Alberta Alberta chewan_ toba Ontario 


Agropyron albicans Scribn. & Smith 
Agropyron cristatum (L.) Gaertn. 
Agropyron dasystachyum (Hook.) Scribn. 
Agropyron inerme (Scribn. & Smith) Rydb. 
Agropyron repens (L.) Beauv. 

Agropyron smithit Rydb. 

Agropyron subsecundum (Link) Hitchce. 
Agropyron trachycaulum (Link) Malte. 
Agropyron sp. 

Agrostis alba L. 

Agrostis exarata Trin. 1 
Arrhenatherum elatius (L.) Presl. 


D 
- 
- 
- 


Avena fatua L. 2 
Avena sativa L. 2 
Bromus ciliatus L. 2 1 
Bromus inermis Leyss. 27 33 3 3 
Bromus pumpellianus Scribn. 1 
Calamagrostis canadensis oo ) Beauv. il 11 
Calamagrostis inexpansa A. Gra 1 
Calamagrostis neglecta (Ehrh.) rtn. 
Mey. & Schreb. 1 
Calamovilfa longifolia (Hook.) Scribn. 1 
Dactylis glomerata L. 1 
Elymus canadensis L. 1 
Elymus glaucus Buckl. 2 
Elymus innovatus Beal. 26 14 
Festuca rubra L. 1 
Glyceria borealis (Nash) Batchelder 3 
Hordeum vulgare L. 2 23 1 8 1 
Lolium perenne L. 1 
Phleum pratense L. 4 9 1 
Poa pratensis L. 1 
Secale cereale L.* 1 it 29 6 5 4 1 
Spartina gracilis Trin. 1 
Stipa spartea Trin. 1 
Stipa viridula Trin. 2 
Triticum aestivum L. 1 80 6 2 
Triticum durum Desf. 1 
Triticum monococcum L. 1 
Total 2 107 263 7 26 11 5 


*Includes two collections of albino sclerotia and one collection from tetraploid rye. 


infect rye, wheat, and barley. The check plants inoculated with the albino 
strain produced only white sclerotia and the series sprayed with sterile water 
remained healthy. The average time between inoculation and the first 
appearance of honeydew was 6.9 days for barley, 8.5 days for rye, and 10.3 
days for wheat. 

The grass species inoculated with ergot from rye all became infected, both 
in the field and in the greenhouse. 

These results are at variance with those secured by Stager, who reported 
failure to secure infection in many instances of cross inoculation between 
species of the Gramineae. On the basis of these negative results Stager has 
postulated the existence of various physiologic races of C. purpurea which are 
host specific. In the present study variability in the conidial colonies was 
noted, which indicates that physiologic races, in the cultural sense of the 
term, do indeed exist. However, no evidence was found that these races were 
species specific. 
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It is possible that in many cases Staéger might have secured infection if he 
had used more adequate samples or repeated his inoculations. In the present 
work, plants were inoculated and if no infection occurred the inoculations were 
repeated. In the case of the noninfective isolate from G. borealis inoculation 
was repeated about 15 times with fresh host specimens for each attempt. 
Stager often based his conclusions on the negative results from a single test, 
e.g. Nardus stricta, Triticum spelta, Lolium italicum, Glyceria distans, and 
Molinia coerulea (5). 

Moreover, the present work has indicated that the techniques of inoculation 
are of importance. Stager (5) used three methods: spraying the heads with 
an inoculum of spores suspended in water, prying the glumes apart and 
spraying the inoculum into the florets, and dipping the heads into the inoculum. 
The author found in preliminary work that dipping the heads into the inoculum 
was useful in securing infection with only a few species, e.g. Bromus inermis 
and rye. Those hosts with stiff glumes or ones in which the glumes were 
hairy or waxy were not readily infected by this method of inoculation. Any 
hosts in which the glumes did not open wide tended to trap air in the florets 
and exclude the spore suspension. In many cases spraying the heads with a 
spore suspension was also ineffective because the florets were closed and the 
spores were excluded. — It was often found necessary to inject the inoculum 
into the florets with a hypodermic syringe or clip the tips of the glumes so 
that the spores could be blown in with an atomizer. Since Stager did not 
use all three of his own methods in attempts to get infection it is not surprising 
that he frequently failed to secure it. 

It is interesting to note that, in this work, ergot from Lolium perenne 
infected rye. This is not in agreement with Stager’s results (5), but does 
support the findings of Békésy (1), who infected rye with ergot from L. perenne 
and L. perenne with ergot from rye. 

The morphology and developmental rhythm of the host are probably of the 
utmost importance in determining whether there will be any infection in 
nature. It is to be expected that a host in which the glumes do not open at 
all, or one in which they are open for a very short period of time, would provide 
only slight opportunity for infection. Also, a particular variety in which 
fertilization takes place while the head is still enclosed by the leaf sheath may 
be too far advanced for infection by the time the florets are exposed. On the 
other hand, an open pollinated plant in which the glumes are open for an 
extended period of time might offer the greatest opportunity for infection (9). 

No evidence could be found that the percentage infection in roadside and 
headland grasses fluctuated appreciably from year to year as was noted in the 
cereal crops. Hence it appears that, although inoculum is potentially avail- 
able each year, environmental conditions do not always favor effective 
dissemination from the grasses to the grain fields. However, it is apparent 
that the weed and roadside grasses constitute important reservoirs of ergot 
inoculum for the infection of our cereal crops. _ If the disease is to be controlled 
in the field sclerotia must be prevented from maturing in these grasses. 
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FOUR NEW SPECIES OF CHLAMYDOMONAS'! 


RALPH A. LEWIN? 


Abstract 


Four new species of Chlamydomonas are described. C. euryale was isolated 
from sea water; C. mexicana, C. philotes, and C. ulvaénsis were isolated from 
soil. C. mexicana is heterothallic, and C. philotes homothallic. 


Introduction 


In the course of physiological studies of unicellular algae (6, 7), a number of 
strains were isolated which could not be identified with any described species. 
Several belonged to the genus Chlamydomonas. Gerloff (2) recorded 321 
species of accepted validity in his monograph of this genus; since 1940 about 
100 new species have been added. The author reluctantly adds four more, 
which do not correspond with any of the species for which descriptions are 
available. 

Pure cultures have been deposited in the culture collections of algae at 
Indiana University, Bloomington, Indiana, U.S.A., and at Cambridge Uni- 
versity, England. 


Description of Species 


Chlamydomonas euryale Lewin, sp. nov. Subgen. ?Euchlamydomonas 

Cellulae 6-8 yw, rarius ad 10 yp, longitudine, 3-5 yw latitudine, ellipsoidales 
vel ovales; sine papilla; flagellis binis cellulae longitudine ad 1.5-plo. Vacuoles 
contractiles gemini, grandes, manifestis solo in mediis dilutis. Stigma puncti- 
forme, in parte media. Chromatophora poculiforme; pyrenoide posteriore, 
vel rarius laterale, in cellulis juvenis haud claro. Nucleus medianus vel 
supra medium situs. Propagatio asexualis, velut aliae species generis, in 
statu immobile, intra cellulis rotundis 7 uw diametro. Figs. 1—5. 

Hab. In aqua maris apud litorem insularum Lahave, Novae Scotiae, Canada. 

Cells 6-8 yw, less frequently up to 10 uw, in length, 3-5 yw wide, elliptical or 
oval. Papilla absent. Paired flagella, up to 1.5 times the length of the cell. 
Two contractile vacuoles, large and somewhat irregular in shape, visible only 
in cells grown in media of lower salinity than sea water. Stigma punctiform, 
median in position. Chloroplast cup-shaped. Pyrenoid posterior or occasion- 
ally lateral, not clearly apparent in young cells. Nucleus central or some- 
what anterior. Asexual reproduction in the non-swimming stage, as in other 
species of this genus, cell division taking place in rounded cells 7 win diameter. 
Figs. 1-5. 

Locality. Inshore waters off the Lahave Islands, N.S., Canada. 

Few marine species of Chlamydomonas are known. Conrad and Kufferath 
(1) list about 25, half of which are not recognized as valid species by Gerloff 

‘Manuscript received February 13, 1957. 

Contribution from Atlantic Regional Laboratory, National Research Council, Halifax, 


N.S., Canada. Issued as N.R.C. No. 4292. 
2Present address: Marine Biological Laboratory, Woods Hole, Mass., U.S.A. 
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(2). Most are found in brackish water. The fact that clones of C. euryale 
are capable of slow growth in fresh-water media, in which the osmoregulatory 
apparatus is. developed, indicates that this species, too, may be only faculta- 
tively halophilic. It requires no organic growth-factors. The species is 
probably not uncommon in littoral waters, since it has been isolated from two 
Cc. EURYALE 
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Fics. 1-5. Chlamydomonas euryale n. sp. 1, 2—motile cells; 3, 4—non-motile stages; J 
5-—-anterior end of motile cell, not to scale. ti 


Fics. 6-13. Chlamydomonas mexicana sp. 6-10—motile cells; 11, 12—developing 
zygotes; 13—mature zygospore. il 
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localities in Nova Scotia (Lahave Islands and Eagle Head, near Liverpool, 
N.S.), and, by Dr. L. Provasoli, from Great South Bay, Long Island, New 
York, U.S.A. 

Several other clones of green marine flagellates, originally assigned to the 
genus Chlamydomonas, isolated by various workers at Plymouth, England; 
at Pacific Grove, California, U.S.A.; and at Woods Hole, Mass., U.S.A., have 
proved on closer examination to be Dunaliella aff. euchlora Lerche. The cells 
are of a size comparable with that of C. euryale, but they lack cell walls and 
are therefore plastic, often spindle-shaped or pyriform, and susceptible to 
plasmoptysis in distilled water. Division takes place in the motile phase. 


Chlamydomonas mexicana Lewin, sp. nov. Subgen. ?.4gloé 

In medias subsolidas (agar), coloniae cohaerentes per mucilagine elastico, 
interdum ad colorem fulvum mediam foedans. Cellulae 6-10 yw longitudine, 
4-6 mw, rarius ad 8 yw, latitudine, ellipsoidales, aliquantum obovales; sine 
papilla, vel papilla humilissima. Vacuoles contractiles gemini, anteriores. 
Stigma ovalis, 1-1.5 uw longitudine, 4} ad % longitudinis cellulae ab parte 
anteriore locata. Chromatophora velut H, clausa in postrema cellula, saepe 
sine cubiculo anteriore; pyrenoide unico in parte media cellulae, vel ad laterem 
anferto. Nucleus in parte posteriore. Propagatio sexualis heterothallica. 
Zygotes 16-25 uw diametro, in pallio irregulariter spisso 2-8 yw investiti; primo 
virides, muris laevibus; postquam aurei, muris reticulatis. Figs. 6-13. 

Hab. In solo provinciae Chihuahua, Mexico, et in locis propinquis. 

Colonies on agar gelatinous, almost rubbery, sometimes producing a brown 
discoloration in the medium. Cells elliptical, somewhat obovate, 6-10 yu long, 
4-6 w, occasionally to 8 uw, wide. Papilla absent, or very slightly elevated. 
Two contractile vacuoles. Stigma oval, 1-1.5 w long, situated one-third to 
two-thirds of the way along the cell. Chloroplast H-shaped, closed posteriorly, 
often without anterior loculus. Pyrenoid single, median or displaced to one 
side. Nucleus posterior. Heterothallic. Zygotes 16-25 yw in diameter, formed 
within irregular mucilaginous sheath 2-8 w thick; at first green, smooth- 
walled, later becoming yellow and developing reticulate surface. Figs. 6-13. 

Locality. In soil, in and around the State of Chihuahua, Mexico. 

Eight dried samples, collected from soil at roadsides and on river banks near 
Flagstaff, Arizona, U.S.A.; Chihuahua and Madera, Chihuahua, Mexico; Las 
Nieves, Durango, Mexico; etc., proved to contain viable spores of this species. 
A number of strains were isolated by an enrichment technique designed to 
select sexually active species (4). When clones were tested by pairing in a 
“checkerboard” design experiment, the various isolates readily fell into two 
complementary mating types, indicating regular heterothallism. No other 
differences between the two mating types were observed. As in C. moewusti 
(5), the primary zygote membrane stained readily with reduced fuchsin. 
Like most of the Chlamydomonas species examined, C. mexicana appears unable 
to utilize acetate or any of the Krebs cycle intermediate acids for growth 
in darkness. 
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Chlamydomonas philotes Lewin, sp. nov. Subgen. ?4gloé 

Cellulae vegetativae maturae 11-14 yw, rarius ad 16 yw, longitudine, 8-10 yu 
latitudine, ellipsoidales; sine papilla clara, etsi conis humilis in fundamentis 
flagellorum. Vacuoles contractiles gemini, anteriores. Stigma parva, puncti- 
forme, aliquantum ante partem mediam. Chromatophora saepe velut H, 
clausa in postrema cellula; pyrenoide unico in parte media. Nucleus ab parte 
posteriore. Propagatio asexualis per 2-8 cellulas, post exitus flagellorum 
ortas intra cellulae maternae membranum. Cellulae juvenes minores facultater 
sexuales; 10-13 wu longitudine, 3-4 w latitudine, cvlindroidales. Propagatio 
sexualis homothallica, isogama. Gametes adversiter conjunctae, in copulo 
natantes, quoad, membranis demissis, coeunt. Zygotes virides, muris reticu- 
latis, 18 w diametro. Figs. 18-26. 

Hab. In solo locae desertae apud urbem Chihuahua, Mexico. 

Full-grown vegetative cells elliptical, 11-14 uw, occasionally 16 uw long, 
8-10 w wide. Papilla absent, but slight conical projections just visible at 
bases of flagella. Two contractile vacuoles at anterior end. Stigma small, 
punctiform, situated somewhat anterior to middle of cell. Chloroplast often 
H-shaped, closed posteriorly, with single median pyrenoid, behind which 
usually lies the nucleus. Asexual reproduction during non-motile phase by 
cell division into two to eight within parental wall. Young cells cylindrical, 
10-13 K 3-4 4y, facultatively gametic. Sexual reproduction homothallic, 
isogamous. Gametes during copulation motile in vis-d-vis pairs, until flagella 
withdrawn and cell walls shed in process of cvtogamy. Zygotes green, 18 u 
in diameter, with reticulate walls. Figs. 18-26. 

Location. In desert soil near Chihuahua City, Mexico. : 

A clone of this species was isolated by an enrichment technique (4) from a 
dried soil sample collected by the roadside 22 km. SE. of Chihuahua. It has 
been assigned to the subgenus .1!g/oé, although the cells are small and the 
form of the chloroplast is not readily apparent. 

The species appears unable to use acetate or any of the Krebs cycle acids 
for growth in darkness. 

Homothallism in this species has been confirmed by repeated streaking on 
agar and re-isolation of pure clones. As in other species of Chlamydomonas, 
light appears to be required for the sexual activation of gametes. These form 
vis-d-vis pairs, as in the heterothallic species C. moewusii (3) and Chlamydo- 
monas sp. 25 (8). The pairs proceed in one direction only, suggesting that 
only one of the partners remains actively motile after pairing, and affording 
some evidence for intraclonal differentiation, possibly controlled by the age 
of the cells. Before cytogamy, the gamete walls split longitudinally at the 
anterior end, in a plane parallel with that of the flagella. They are shed 
almost simultaneously by the two copulants, and remain, often at right-angles, 
outside the developing zygote. About 2% of the gamete associations comprise 
three cells; the fate of such trios has not been determined. 
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Cc. ULVAENSIS 
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bs Fics. 14-17. Chlamydomonas ulvaénsis n. sp. 14-16—motile cells; 17—anterior end, 
le not to scale. 
d Fics. 18-26. Chlamydomonas philotes n. sp. 18—gamete; 19—vegetative cell; 20— 
. anterior end, not to scale; 21—gametangium; 22—motile pair of gametes; 23, 24, 25— 


fusion of gametes, showing shed walls; 26—mature zygospore. 
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Chlamydomonas ulvaénsis Lewin, sp. nov. Subgen. Chlamydella (Monopleura) 
In medias subsolidas (agar), coloniae cohaerentes per mucilagine. Cellulae 
11-14 w longitudine, 6-9 yw latitudine, ellipsoides vel ovales, aliquando hoc 
latere quam ille minus inflatus; sine papilla insigne, sed muro frontale crassiore, 
sicut collem humilem formans. Vacuoles contractiles gemini, anteriores. 
Stigma parva, ovalis, }-} longitudinis cellulae ab parte anteriore locata. 
Chromatophora poculiforme, pyrenoide unico laterale in aequo medio cellulae. 
Nucleus in medio cellulae positus. Propagatio sexualis ignota. Figs. 14-17. 

Hab. In pascuo insulae Ulva, apud Mull, Scotia. 

Colonies mucilaginous on agar. Cells 11-14 wu long, 6-9 uw wide, elliptical 
or oval, occasionally more convex on one side than the other. No defined 
papilla, but cell wall at anterior end thickened into a low hillock. Two 
contractile vacuoles at anterior end. Stigma small, oval, situated one-fourth 
to one-third of the way along the cell. Chloroplast cup-shaped, with a single 
pyrenoid halfway up one side. Nucleus more or less central. Sexual 
reproduction not observed. Figs. 14-17. 

Locality. In a pasture on Ulva Is., near Mull, Scotland. 

This form belongs to a group of related species, of similar cell size and 
structural detail, characterized by the production of abundant mucilage. 
When a critical study becomes possible, these may ultimately all prove to be 
varieties of a single species. However, in view of the unusual chemical 
character of the mucilage of the present clone (7), it has been considered 
expedient at present to assign to it a specific name. 

Chlamydomonas ulvaénsis differs from C. peterfii Gerloff (=C. pascheri 
Peterfi non Dangeard), which completely lacks a papilla; from C. gloeogama 
Korschikoff, in which the stigma is rod-shaped and situated close behind the 
papilla; and from C. pseudogloeogama Gerloff, in which the papilla is a 
truncated cone, and the stigma is rather large and rod-shaped. 
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THREE CRETACEOUS WOODS FROM THE CANADIAN ARCTIC! 


M. W. BANNAN? AND W. L. Fry? 


Abstract 


The structure is described for three new species of coniferous woods from 
Cretaceous formations in the Canadian Arctic which differ in various features 
from fossil woods previously recorded. Cedroxylon disjunctum sp. nov. is distin- 
guished by gaps in cell continuity in the marginal rows of the xylem rays, a 
characteristic not hitherto described for Cedroxylon but found in living conifers 
such as Abies and Keteleerta. The two Piceoxylon woods possess resin ducts 
devoid of tylosoids, the ducts in Piceoxylon christopherit sp. nov. having an 
epithelium which consists entirely of thick-walled, pitted cells, whereas in 
P. thomsoni sp. nov. the walls of the epithelial cells vary from slightly to 
moderately thickened. 


Introduction 


Specimens of petrified secondary xylem are amongst the commonest types 
of plant remains collected and submitted to palaeobotanists for identification. 
While these forms of fossil plants are not particularly useful for stratigraphic 
purposes, they are of interest to the botanist and wood anatomist both from 
the viewpoint of phylogeny and floristic information. Because woods alone 
are not accurate time indicators, it is necessary to rely on related information 
in order to establish the age of the specimens, and in the instances presently 
referred to this has been done on the basis of invertebrate fossils. 

The three specimens to be described below were collected by members of 
the Geological Survey of Canada during their field work with Operation 
Franklin in the Queen Elizabeth Islands during the summer of 1955. All 
three Arctic localities are above 77° N. latitude. 


Stratigraphy 


The sequence of formations from which the Arctic specimens came is 
given below. 
) Hassel formation 


Lower Cretaceous or later >» Christopher formation 
! 


‘ atior 
) Isachsen formation 


| Lower Cretaceous \ 


Deer Bay formation 
) Upper Jurassic 


The oldest specimen (G.S.C. Plant Locality No. 4681) was collected by 
A. W. Norris of the Geological Survey from the Isachsen formation in south- 
eastern Amund Ringnes Island. The section at this point is 3250 ft. thick. 
The Isachsen formation is a predominantly sandstone unit with lesser amounts 
of dark gray to black shales and conglomerate (Heywood (10); Norris, personal 

1Manuscript received February 25, 1957. 
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communication). The formation occurs widely in the Queen Elizabeth 
Islands. Throughout the unit are large amounts of broken, disintegrated, 
and coalified plant remains together with petrified wood. The Lower 
Cretaceous age of the. sachsen formation (Heywood (10)) is based upon its 
conformable position above the Deer Bay formation and its position below 
the Christopher formation. The Deer Bay formation has been determined 
to be of Upper Jurassic and Lower Cretaceous age on the basis of its fauna 
of pelecypods, ammonites, and belemnites. 

The other two Arctic specimens to be described were collected from the 
Christopher formation. One (G.S.C. Plant Locality No. 4678) was obtained 
by A. W. Norris from a 1440 ft. section on southeast Amund Ringnes Island. 
J. G. Souther of the Geological Survey collected the second Christopher 
specimen (G.S.C. Plant Locality No. 4645) from a spot 9 miles east of the 
western end of Strand Fiord Peninsula on Axel Heiberg Island. The section 
at this locality is 3500 ft. thick but Souther (personal communication) reports 
that the beds here are disturbed and probably repeated. The bottom of the 
section was not observed at this place. The specimen was collected 2100 ft. 
below the top of the section. 

The Christopher formation, also a widespread unit in the Queen Elizabeth 
Islands, consists of a sequence of black and gray shales with some interbedded 
limestones. Norris (personal communication) reports that minor amounts of 
plant material are scattered through the section on Amund Ringnes Island. 
H. Frebold of the Geological Survey reports that the age of the Christopher 
formation is late Lower Cretaceous (Albian) based on diagnostic marine fossils. 


Cedroxylon disjunctum Bannan and Fry, sp. nov. 
Figs. 1-5 
Material 
The specimen consists of a piece of wood approximately 7.5 cm. in diameter. 


Structure 

Growth rings are distinct (Fig. 1) and vary in width from 1.5-4 mm. The 
transition from early to late wood is gradual with the latter making up from 
1/30 to 1/2 the width of the ring. In transverse sections the early wood 
tracheids have a mean tangential diameter of 42 w and a radial diameter 
of 56 p. 

In radial sections the intertracheary bordered pits in the early wood of the 
growth rings are large, 18-20 w in diameter, and possess round apertures 
(Figs. 2 and 4). The pits are usually in one row or occasionally biseriate. 
When in two rows the arrangement is generally opposite, less often more or 
less alternate. Crassulae are not apparent, possibly because of the state of 
preservation. A dark round object, slightly exceeding the pit aperture, shows 
up in some pits. This is probably a torus. 

Resin ducts are absent in the available sections. Xylem parenchyma occurs 
in most rings and occupies a terminal position (Fig. 4). 
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Bias. 5. Cedroxylon disjunctum 

Pig. Transverse section. Pics. 2 and 4. Radial sections showing intertracheary pits 
Pic. 3.) Portion of ray in radial view illustrating crossing-theld pits. Fro. Radial view 
of ray showing irregularly shaped parenchyma cells in marginal rows at ring boundary 
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PLATE II 


pheri. 


tceoxylon christo 


Transverse section. 


Fics. 6-9. 


Fic. 6. 
showing intertracheary pitting. 


Radial section 


8. 


Fic. 
Radial aspect of ray showing irregularly shaped 


Tangential section. 


Fic. 


Fic. 9. 


parenchyma cells in upper marginal row. 
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The xylem rays are uniseriate and range in height from 2-32 cells with a 
mean of approximately nine cells. Average height of the individual cells is 
19 uw. These data apply to wood which, on the basis of ring curvature revealed 
in cross sections, appears to be 2-4 cm. from the pith. All ray cell walls are 
thickened and pitted, and present a typical abietinean aspect. The more or 
less piciform crossing-field pits (Fig. 3) are small, about 7 uw in diameter, and 
generally number 1-3 per field in the early wood of the growth rings. All ray 
cells are parenchymatous. An outstanding feature of the rays is the cellular 
discontinuity which exists along the upper and lower margins of the rays. 
In a high proportion of the marginal rows irregularly shaped parenchyma cells 
occur in the late wood or across the ring boundary (Fig. 5), with gaps through 
the remainder of the ring. This condition obtains in most rays and is so 
common that, in terms of the total ray volume, approximately 14°; of the 
ray rows are of this type. 


ffinities 

The round, mostly opposite, intertracheary bordered pits, the absence of 
dispersed resin ducts, and the abietinean ray pitting together indicate that the 
wood falls within the form genus Cedroxylon Kraus. A highly significant 
feature is the cellular discontinuity of the marginal ray rows, a characteristic 
not hitherto described for Cedroxylon but found in the living Pseudolarix, 
Keteleeria, and Abies. ‘The closest resemblance seems to be to Abies. In 
this genus most marginal ray rows consist of parenchyma cells in the late 
wood and apparent gaps in the early wood which closer examination reveals to 
be occupied in part by scattered tenuous cell outlines known as_ ghosts 
(Thompson (19)). These outlines are so delicate that beyond the cambial 
region they do not react to the usual microchemical tests for cellulose or lignin 
and sometimes are barely discernible. They apparently are the residue of 
cells the development of which was arrested shortly after origin in the cambium 
and was followed by early breakdown. If such fragile outlines occurred in 
ancient woods it is scarcely to be expected that they would survive petrifaction. 
The original condition in the fossil wood in question is, of course, unknown. 
One can merely state that the specimen exhibits a ray structure such as would 
be expected in a fossilized Abies wood. It is also significant that the relative 
frequency of the discontinuous rows in terms of the total ray tissue closely 
approximates that in North American species of Abies. A 14% frequency in 
the fossil compares with a determination of 15° % for three living species 
of Abies. The existence of such a ray organization as early as the Lower 
Cretaceous is highly interesting. 

Comparison with other Cedroxylon woods from the Cretaceous is difficult 
because of inadequate descriptions of the critical ray structure. Suzuki (18) 
gave the name A biocaulis yezoensis to a small stem from the Upper Cretaceous 
of Japan because the wood and external tissues are somewhat similar to those 
of Abies, but the ray structure is not sufficiently described and no information 
is provided on the aspect of the marginal rows. More complete descriptions 
are given by Shimakura (15) for two other Japanese Cedroxylon species. For 
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Cedroxylon cir. Yendoi he states “‘marginal cells irregular in outline and 
sometimes projecting vertically’’, and in Cedroxylon sp. indet. (C. shimakurai 
Krausel) it is said that ‘‘some marginal cells project irregularly in a vertical 
direction’”’. A differentiation obviously exists in these two woods between the 
marginal and medial ray rows, but no statement is made on the continuity or 
otherwise of the marginal rows. It is not clear whether the cells are radially 
contiguous or gaps exist. Under the name Cedroxylon inaequale, Reiss (13) 
described a wood from the Cretaceous of Japan with sporadic enlarged ray 
cells. If one is to judge from his Fig. 1, the larger cells occur in medial rows 
of the rays. No information is given on the organization of the marginal ray 
rows. ‘This deficiency also applies to other Upper Jurassic or Cretaceous forms 
described under the name Cedroxylon such as C. cedroides and C. transiens 
(Gothan (8)), C. matsumurae and C. Yendoi (Stopes and Fujii (17), C. Hornei 
(Seward (14)), and C. maidstonense and C. pottoniense (Stopes (16)). Some 
of these may be misidentified as Cedroxylon (see Kriausel (12)). 

In view of the diversity in organization of the marginal ray rows in living 
abietinean conifers, it is manifest that this structural feature merits close 
study in related fossil woods. Because of inadequate information on this 
important character, satisfactory comparison with other early Cedroxylon 
woods is impossible. Therefore there seems no other course but to describe 
the specimen under a new name, Cedroxylon disjunctum. 


Diagnosis 

Cedroxylon disjunctum Bannan and Fry, sp. nov.: coniferous wood with well 
defined growth rings. Intertracheary radial pits in early wood large and 
round; the pits uniseriate or less often biseriate, and when in two rows, 
opposite or occasionally alternate. Resin ducts not observed. Terminal 
xylem parenchyma present. Xylem rays uniseriate and apparently composed 
entirely of parenchyma cells with thickened, pitted walls (abietinean pitting). 
Marginal ray rows discontinuous, with irregularly shaped parenchyma cells 
in the late wood and an absence of cells through the early wood of the growht 
rings. Crossing-field pits 1-3 per field, usually piciform. 

Type: Geological Survey of Canada plant type No. 3917. 


Horizon and Locality 


Christopher formation, late lower Cretaceous (Albian). Specimen collected 
from a 3500 ft. section at a locality 9 mi. east of the western end of Strand 
Fiord Peninsula on Axel Heiberg Island. 


Piceoxylon christopheri Bannan and Fry, sp. nov. 
Figs. 6-12 
Material 


The description is based on a piece of stem or branch which is 6 cm. in 
diameter and includes the pith and four growth rings of secondary xylem. 
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Structure 

A transection of the specimen reveals a poorly preserved pith about 1.5 mm. 
in diameter. The cells appear alike in structure although differing in content, 
some containing a brownish material while other cells are empty. Adjoining 
cell cavities are separated by as much as 15 yw, but the interpretation to be 
given this spacing is not clear. Some semicollapsed cells occur about occasional 
intercellular spaces. A transverse cut of a small side branch appears in one 
of the longitudinal sections and here the preservation is better. In this 
instance the pith is made up mostly of thin-walled cells with sporadic inter- 
mixed thicker walled elements simulating stone cells. 

In the secondary xylem the growth rings are relatively broad, up to 6.5 mm. 
in width. The rings are of complex organization, possessing sectors of reaction 
wood and bands or ‘lines’ of thick-walled cells. The transition to late wood is 
gradual. Mean diameter of the early wood tracheids in the fourth growth 
ring is 32 w tangentially and 42 yu radially. 

The intertracheary bordered pits on the radial walls of the early wood 
elements are mostly in a single file (Fig. 8), seldom in two rows. When 
biseriate the arrangement is usually opposite, rarely alternate. The pits are 
round or slightly flattened when contact is made with those above or below. 
Size ranges from 15-20 w in the early wood. The pit aperture is round or 
broadly elliptic. A circular dark area, slightly larger than the pit aperture 
and presumably a torus, shows up in some pits. Dark lines, possibly crassulae, 
are discernible between certain of the vertically adjacent pits. The sections 
do not permit comment on tangential pitting. 

Vertical resin ducts are common. They occur singly in a widely dispersed 
distribution (Fig. 6) in all parts of the growth ring. The ducts are relatively 
large, ranging up to 90180 yw in diameter, with the larger diameter usually 
parallel to the radius. A few horizontal resin ducts appear in tangential and 
radial sections. These are generally of small size, varying from 30-70 w in 
width and 70-100 w in height, rarely to 200 w high. The epithelium enclosing 
the vertical ducts consists of cells of varied length. These are usually 20-50 yu 
tong (Fig. 12) but frequently extend to 100 wu or more (Figs. 10 and 11). 
Around the epithelium there is often a layer of ensheathing cells which are 
definitely longer than the epithelial cells, some being as much as 200 yw long. 
A noteworthy feature is that all cells, in both the epithelial and ensheathing 
layers, have prominently thickened, pitted walls on all sides. This uni- 
formity in structure is shown in Fig. 10. The richly pitted character of the 
walls may be observed in the center part of Fig. 11. Also in Fig. 12 the 
thickened walls may be detected on either side of the artificially expanded 
middle lamella region. Tylosoids are not apparent. The thickening of the 
epithelial cell walls, which evidently took place soon after cell origin, would 
prevent a later outgrowth to form tylosoids. In extant species of Larix, 
Pseudotsuga, and Picea these structures arise from sporadic epithelial cells 
which remain thin-walled and unlignified during the period of functioning of 
the sap wood. In the specimen here described all the epithelial cells of both 
vertical and horizontal ducts seem to be thick-walled. 
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The xylem rays are uniseriate (Fig. 7) or fusiform when containing a 
horizontal resin duct. The height of the rays in the fourth growth ring ranges 
from 1-16 cells with a mean of 4.8 cells. A low average height is, of course, 
to be expected in the growth of the first few vears. Mean height of the 
individual ray cells is 21 wu. The cells are rectangular in form, as viewed in 
radial section, and have thickened, pitted walls (abietinean pitting). In 
Fig. 9 the dark, beadlike thickenings may be recognized between the closely 
approximate pits in the separated walls. From 2-4 pits occur per crossing 
held, with a mean of 3.4. In nearly all rays no difference is discernible 
between the marginal and other rows of the rays, but occasionally some 
deviation in cell shape and spacing occurs in the marginal rows. Rarely, 
certain of the marginal cells are somewhat irregular in form (upper row, 
Fig. 9), and sometimes such cells are slightly separated from their neighbors 
in the same row. These cells ‘are not common, occurring in not more than 
1% of the ray rows. On the basis of their pit structure nearly all the 
irregularly shaped cells are parenchymatous. For instance, in the triangular 
shaped cell in the upper marginal row in Fig. 9, a series of simple pits is 
detectable in the wall on the left-hand side. In two or three cases, where the 
preservation was imperfect, one or two of the pits in the oddly shaped, marginal 
ray cells appeared to be bordered. The possibility of the occurrence of 
sporadic cells transitional in nature between parenchyma and ray tracheids 
cannot be ruled out. However, it should be emphasized that no undoubted 
ray tracheids were observed. 

In descriptions of fossil woods there has sometimes been a tendency to 
interpret irregularly shaped marginal ray cells as ray tracheids on the basis 
of cell shape and lack of content rather than on wall structure (4, 16). This 
overlooks the fact that a great variety of cell types exists in the rays of various 
Pinaceae. Apart from typical parenchyma and ray tracheids such diverse 
types occur as ghosts, crystal-containing cells with thin or thick walls, paren- 
chyma cells which lose their protoplasts early and appear void of contents, and 
transitional elements with some bordered and some simple pits (Chrysler (7), 
Bannan (3), and Barghoorn and Bailey (6)). The term ray tracheid should 
be reserved for those ray cells with walls possessing only bordered pits. No 
cells falling within this category were observed in the fossil wood. 


Affinities 

The shape and arrangement of the intertracheary pits, the distribution and 
structure of the resin ducts, and the ray characteristics reveal the wood to 
belong to Piceoxylon Gothan. A close resemblance exists with P. antiguius 
(Gothan (9)) from the Upper Jurassic of Green Harbour, Spitzbergen. The 
chief feature of difference is the absence of tylosoids in the resin ducts. In 
P. antiquius, according to Gothan, the vertical resin ducts are often blocked 
by tylosic tissue. Tylosoids have also been observed, in varying amounts, in 
other early Piceoxylon woods. For instance, in P?. scleromedullosum from the 
Senomian of Japan, Shimakura (15) found ‘“‘tyloses rarely present in resin 
canals”. In P. transiens certain vertical resin ducts, referred to by Shimakura 
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as traumatic because of their tangential alignment, are said to be ‘‘occluded in 
tyloses’’. Tylosoids are apparently of more general occurrence in certain other 
Cretaceous forms described under the name Pityoxylon but transferred by 
Krausel (12) to Piceoxylon. In this category are Pityoxylon benstedi (Stopes 
(16)) and P. statenense (Jeffrey and Chrysler (11)). 

In this connection it might be pointed out that in living Pinaceae a general 
relationship exists between the frequency of tylosoids and the structure of 
the duct epithelium, although some exceptions occur. In Pinus the epithelial 
cells are thin-walled and the ducts generally become completely occluded by 
tvlosoids on heartwood formation. In Larix, Pseudotsuga, and Picea the 
epithelium of the so-called normal or dispersed ducts is made up of varying 
proportions of thick- and thin-walled cells (Bannan (4)) and the extent of 
tylosoid formation on transition from sap to heartwood is more or less related 
to the frequency of living, thin-walled, unlignified cells in the epithelium. 
Close to wounds, where the ducts are in tangential alignment, some tylosoids 
form early, shortly after the origin of the duct and surrounding cells. This 
latter condition also obtains in .bies and 7suga where an early development 
of tylosoids occurs sporadically in ducts lined by a thick-walled epithelium. 
If the condition in fossil woods is to be interpreted in terms of the resin-duct 
structure in related living forms, the frequency of tylosoids in the dispersed 
ducts of the older or first-formed wood should be taken as a measure of the 
occurrence of thin-walled cells in the epithelium. On this basis various 
Piceoxylon and Pityoxylon woods fall into a series with Piceoxylon sclero- 
medullosum having a very low proportion of thin-walled cells in the duct 
epithelium, and such forms as Pityoxylon benstedi or P. statenense a much 
higher proportion. In the fossil wood under consideration very few cell out- 
growths can be detected. Moreover, no thin-walled cells are observable in 
the epithelium. 

As regards the rays, a notable feature is the absence of ray tracheids. 
Shimakura (15) has described ray tracheids with spiral thickenings in 
Piceoxylon transiens, and Stopes (16) noted ray cells which she interpreted as 
tracheary in Pityoxylon benstedi. Other Piceoxylon woods from the Upper 
Jurassic and Lower Cretaceous seem to lack these cells. The absence or 
scarcity of ray tracheids in early Piceoxylon woods is a noteworthy point of 
difference with Tertiary forms and living genera which otherwise have a 
similar type of wood. 

With regard to the pith there is neither sufficient material nor adequate 
preservation to allow satisfactory comparison with other Piceoxylon species 
whose pith structure is known. The pith in P. scleromedullosum is described 
by Shimakura (15) as consisting of parenchyma and scattered stone cells with 
very thick, lamellated walls. In P. christopheri transection of the main axis 
reveals a uniform pith, whereas in the side branch sporadic sclerotic cells 
occur. However, the latter do not exhibit the extent of wall thickening 
observed by Shimakura in P. scleromedullosum, 
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Diagnosis 

Piceoxylon christophert Bannan and Fry sp. nov.: secondary xylem with 
well defined growth rings. Radial pits between early wood tracheids large, 
round, generally biseriate, mostly opposite or occasionally alternate. Vertical 
and horizontal resin ducts. present, widely scattered. Epithelial and other 
parenchyma cells associated with the ducts thick-walled and abundantly 
pitted. Tylosoids absent. Xylem rays uniseriate or multiseriate when 
containing a resin duct. Ray cells parenchymatous, with thickened, pitted 
walls (abietinean pitting). Crossing-field pits 2-4 per field, more or less 
piciform. Ray tracheids absent. 


Type: Geological Survey of Canada, plant type No. 3918. 


Horizon and Locality 
Christopher formation, late Cretaceous (Albian). Specimen collected from 
a 1440 ft. section on southeast Amund Ringnes Island. 


Piceoxylon thomsoni Bannan and Fry, sp. nov. 
Figs. 13-21 
Material 
The specimen is a piece of stem wood about 10 cm. in diameter. 


Structure 

The clearly defined growth rings range from 0.6 mm. in width near the 
center to 0.2 mm. for the outer rings. In one area 70 rings aggregated 1.85 
mm. ‘The rings are characterized by an abrupt change from early to late 
wood (Fig. 15), the latter sometimes constituting more than one-half the width 
of the ring (Fig. 16). The early wood tracheids are of moderately large size, 
measurements from the transverse section giving a mean tangential diameter 
of 44 w and a radial width of 60 pw. 

The bordered pits on the radial walls of the early wood, tracheids are 
sometimes in one row but more often occur in two series. When biseriate the 
pits are predominantly opposite (Fig. 18), but varying degrees of alternation 
are common (Fig. 19). Rarely a strict alternation may be seen (Fig. 20). 
The pits are round or occasionally slightly flattened, and in early wood vary 
from 15-20 w in diameter. Suggestions of a small torus, slightly larger than 
the round pit aperture and with a somewhat erose margin, appear in some of 
the pits. Crassulae are sometimes visible (Fig. 18). Tangential pits 12-14 u 
in diameter show up in the late wood. 

Xylem parenchyma elements occur commonly on the face of the late wood. 
Constituent cells are 180-270 uw long. The walls are thick and pitted, the 
transverse septa showing pronounced thickenings between the approximate 
pits. 

Vertical resin ducts are present but irregular in distribution. They are 
plentiful in some areas and absent in others. Some occur in late wood but the 
majority are in early wood. Arrangement varies from loose or discontinuous 
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Resin duct tissue. 


Fics. 10-14. 


Fics. 10-12. 


Fics. 13 and 14. Piceoxylon thomsont. 


Piceoxylon christophert, 


Bannan and Fry-—Can. J. Botany 


SO 
le 
IS 


§ 


Fics. 15-21. Piceoxylon thomsoni. Fics. 15 and 16, Transverse sections showing 
aspect of growth rings. Fic. 17. Tangential section showing horizontal resin ducts. - 
Fics. 18-20. Radial sections illustrating varied arrangements of intertracheary pits. 
Fic. 21. Radial view of ray. : 
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tangential alignment to dispersed in singles or pairs (Fig. 15). The distribution 
thus appears to be similar to that in Larix, Pseudotsuga, and Picea where 
vertical ducts are in tangential series near injuries and become dispersed at 
varying distances above and below (2, 20). In this connection it is perhaps 
pertinent to refer to the prevalent misuse of the terms traumatic and normal 
as applied to the distribution of vertical resin ducts. The common application 
of the designation ‘traumatic’ to tangential series and ‘normal’ to scattered 
ducts overlooks the fact that the latter are often the upward or downward 
continuations of the former. With respect to the terminology defining the 
distribution of ducts it would seem preferable to use simple descriptive words 
such as dispersed (or scattered) and tangentially aligned (or in tangential 
series) rather than terms imputing relationships which may or may not exist. 

The vertical resin ducts are of moderate size, the cavity ranging from 
30-150 uw in diameter. Shape of the epithelial cells is more regular than in 
P. christopheri, most cells being quite short, 25-40 yw in vertical extent (Figs. 
13 and 14). The wall structure is also notably different from that in 
P. christopheri. Pitting of the type which shows up so clearly in all walls of 
the resiniferous cells in the latter species is rarely discernible. Some cells 
appear to have relatively thin, unpitted walls (see lower right, Fig. 14). In 
most cases the transverse walls seem slightly thickened, the vertical more so 
(Figs. 13 and 14), although this appearance may be due in part to cell 
separation. It is noteworthy that the transverse walls are thinner than the 
walls of the ray cells or the septa in the isolated xylem parenchyma elements 
along the face of the late wood. In only a small minority of the cells are the 
walls on all sides thickened and pitted to resemble the comparable cells in 
P. christopheri. It is significant, however, that none of the dispersed ducts 
contain tylosoids, even in the innermost and hence oldest wood in sections 
encompassing more than 70 growth rings. Only in two or three ducts in a 
tangential series in the inner wood is there occlusion. The general absence 
of tylosoids indicates that the thickness or chemical constitution of the 
epithelial cell walls was such as to prevent tylosoid formation. 

The horizontal resin ducts, like the vertical, are erratic in distribution. In 
the tangential section available the ducts occur in two areas, seven being 
found in a segment 4000 uw long by 150 uw wide and six in another vertical 
streak some distance removed. Size of the ducts varies from 20X50 yu to 
100X180 w (Fig. 17). 

The xylem rays are typically uniseriate, a local doubling of rows occurring 
only rarely. Rays containing a horizontal resin duct are, of course, fusiform 
in outline. Height of the rays varies from 1-16 cells with a mean of 5.5 cells. 
In this connection it should be pointed out that the growth rings in the 
specimen are very narrow, a condition producing low rays (5). Mean height 
of the individual ray cells is approximately 19 uw. The number of pits per 
crossing-field in early wood is 1—4 (Fig. 21), the average about 3. All ray cells 
have thickened, pitted walls, although as shown in Fig. 21 some of the apparent 
thickness is due to cell separation. In occasional marginal rows of the rays 
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certain cells differ in shape and content from the cells in the medial rows. 
These cells are sometimes of reduced radial extent and of greater height, and 
lack the dark contents often found in the central cells. However, the 
thickened walls are provided with simple pits and therefore the cells must be 
classified as parenchymatous. It should be emphasized that these cells are 
uncommon, occurring in less than 7% of the ray rows. Their shape is probably 
related to recent origin of that portion of the ray. As pointed out earlier (3), 
the cells in the first-formed portion of new rays are usually of varied, irregular 
form. No ray tracheids were detected. 


Affinities 

On the basis of the shape and arrangement of the intertracheary bordered 
pits, the structure of the crossing-field pits, the distribution of the resin ducts 
and the structure of the ray cells, the specimen is considered by the authors as 
falling within the form genus Piceoxylon Gothan. Krausel (12) has proposed 
a new genus, Palaeopiceoxylon, for coniferous woods in which the radial 
tracheidal pitting is mixed, other characters being as in Piceoxylon. In this 
new genus is placed Piceoxylon transiens Shimakura where the intertracheary 
pits are described in the original species diagnosis as “alternate when in two 
rows’. In our specimen the pit arrangement fluctuates from a predominantly 
opposite condition through varying degrees of alternation to an uncommon 
strictly alternate sequence. As pointed out by Bailey (1), pit arrangement 
varies a great deal in the Pinaceae. Hence there are obvious difficulties in 
attempting generic distinctions in early transitional forms on this character 
alone. In any case, since the prevailing pit arrangement in the specimen 
here being considered is of the opposite type and other dispositions are less 
common, there seems no valid reason for not including the wood in the form 
genus Piceoxylon,. 

The specimen differs from Piceoxylon woods hitherto described in the 
absence of tylosoids in the resin ducts. As mentioned earlier, the development 
of tylosoids implies the prior existence of at least some thin-walled epithelial 
cells. In P. thomsoni differences in wall thickness seem to exist among the 
parenchyma cells associated with the resin ducts, but apparently none of the 
cells had the capacity to form tylosoids. The wood differs from P. christopheri 
in the reduced thickness of the walls, a feature indicative of a structural 
modification of the resiniferous tissue. The structure is perhaps to be regarded 
as transitional in nature, a stage in the evolution of resin tissue not existent 
in any living form. 


Diagnosis 

Piceoxylon thomsoni Bannan and Fry sp. nov.: coniferous wood exhibiting 
distinct growth rings with abrupt change from early to late wood. Radial 
pitting between early wood tracheids generally biseriate. Pits round and 
usually opposite, less often alternate. Vertical resin ducts present, dispersed 
or in tangential series, the epithelium consisting of relatively short cells with 
slightly to moderately thickened walls. Tylosoids absent. Horizontal resin 
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ducts irregularly distributed. Nylem rays uniseriate or fusiform when contain- 
ingaresinduct. Ray cells parenchymatous, occasionally with differentiation 
in shape and content between marginal and medial rows, but all with 
thickened, pitted walls. Crossing-field pits more or less piciform, 1 4 per 
field. Ray tracheids absent. 

Type: Geological Survey of Canada, plant type No. 3919. 


Horizon and Locality 
Isachsen formation, Lower Cretaceous. Specimen collected from a 3250 ft. 
section on southeastern Amund Ringnes Island. 
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UPTAKE AND TRANSLOCATION 
OF C'-LABELLED SUGARS APPLIED TO PRIMARY LEAVES 
OF SOYBEAN SEEDLINGS! 


C. D. NELSON AND PauLt R. GorHAM 


Abstract 


A method involving the use of a detergent and boron has been developed 
for the introduction of C'-labelled sugars into leaves. This method was used 
for translocation studies. 

In the light, translocation of sucrose-C™ or glucose-C™ out of the treated 
leaf was very slow. Only 1% of the C' from sucrose was translocated after 
14 hours. In the dark, 10°% of the C™ from glucose was translocated to all 
parts of the seedling in 3 hours. The bulk of the translocated C' accumulated 
in the stem between the treated leaf and the root. The actively growing stem 
tip accumulated very little C™ in either light or dark. 

In light or dark, C'* from a primary leaf that had been allowed 15 minute 
photosynthesis in C™O: spread throughout the entire plant in 3 hours. In 
light, more C' from photosynthate accumulated in the growing stem tip than 
in the root. ‘This situation was reversed in the dark. 


Introduction 


Isotope tracer technique has been of value in studying the translocation 
of organic assimilates in plants. Evidence has come mainly from those 
experiments in which the translocated material was labelled by means of 
photosynthesis. Rabideau and Burr (8) have studied the translocation of 
carbon from C-labelled photosynthate in Phaseolus vulgaris. They found 
that the isotope was translocated through living tissue accumulating in meta- 
bolically active regions, but not in the opposite primary leaf. Chen (4) 
observed a simultaneous movement in opposite directions of P** and C' 
through the phloem tissue of willow and geranium. He has also concluded 
that sucrose and fructose are the forms in which carbon from photosynthate 
is translocated. In an extensive study of the translocation of C™ from 
photosynthate, Vernon and Aronoff (10) concluded that sucrose was the 
main form of translocate from soybean leaves. 

The question of which sugar is translocated could be answered with greater 
certainty if one could introduce and follow the movement of one labelled 
sugar at a time rather than the mixture of compounds that makes up photo- 
svnthate. The main problem is to introduce the labelled compound into 
the plant without wounding. This paper describes such a method for the 
introduction of sucrose-C! and glucose-C™ into the primary leaves of soybean 
seedlings and compares the translocation of these sugars with that of C™ 
from carbon fixed in photosynthesis. 

‘Manuscript received February 8, 1957. 
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Materials and Methods 


Glycine max, variety Flambeau, was grown in the greenhouse in flats 
containing vermiculite. Seedlings 20 to 30 days old were used for the experi- 
ments. Twenty-day-old seedlings had fully expanded primary leaves; 
30-day-old seedlings had primary leaves and one fully expanded trifoliate leaf. 

Uniformly labelled sucrose and glucose were prepared biosynthetically 
from CO. using detached tobacco leaves (11). The sugars were checked 
for purity using paper chromatography and autoradiography. The concen- 
tration of sugar in solution was determined with anthrone by the method 
of Morris (7). The specific activity of both sucrose and glucose was 0.49 
pc. per uM. C, 

Sugar solution was applied in the light (Mazda, 800 ft-c.) to one primary 
leaf of each plant. Subsequently, plants were retained in the fume hood in 
the light or the dark. After such treatment plants were divided into several 
parts, each part being ground with liquid nitrogen in a mortar, and the 
powdered tissue dried at 100° C. for 30 minutes. Dried tissue was burned 
to carbon dioxide by the method of Baker et al. (2), followed by plating and 
counting as barium carbonate. : 

To identify C4-labelled compounds in various tissues, extracts were prepared 
for chromatography. The frozen, ground tissue was taken before drying 
and extracted three times with boiling 80% ethanol. The ethanol-soluble 
extract was assayed for C™ by plating, in duplicate, a small aliquot in a 
thin layer on an aluminum planchet. The remaining extract was evaporated 
to dryness under a stream of air and taken up in a small amount of water 
for application to Whatman No. 3 filter paper. Two dimensional paper 
chromatography was used with phenol : water : ammonia, 80: 20: 0.3, in 
the first direction and n-butanol : 95°% ethanol : water, 53: 32:16 in the 
second direction. The developed chromatograms were autoradiographed. 

Frozen leaf autoradiographs were made by holding the leaf firmly in contact 
with Kodak no-screen X-ray film during freezing for 2 minutes in isopentane 
dry ice and subsequent exposure for 1 week at —40°C. There was only 
slight shrinkage of the leaf during the process. 

In the experiments on the translocation of photosynthate, one primary 
leaf of a seedling was enclosed in a bag made of clear plastic (“Saran’’) film. 
Two microcuries of C"Os was injected into the bag from a 25 cc. syringe. 
Illumination at the surface of the leaf was 800 ft-c. 


Results 


Method for Introducing Sugars into Leaves 

To introduce glucose-C™ and sucrose-C™ into a non-wounded soybean 
seedling, a retaining ring, 1 cm. in diameter and 0.5 cm. thick, was made 
from Tygon tubing and stuck with lanolin to the upper surface of the primary 
leaf. Inte the well thus formed was put a measured volume of solution 


containing either glucose-C™ alone, or glucose-C™ in combination with (1) 
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5 p.p.m. boron as boric acid, (2) 0.8% of the detergent, sodium lauryl sulphate, 
or (3) 5 p.p.m. boron plus 0.8% sodium lauryl sulphate. The well was 
covered with a plastic cover slip to minimize loss of solution due to evapo- 
ration. Uptake of solution was determined by measuring the volume which 
had disappeared from the leaf surface after a given time interval. After 3 
hours, any solution that had not been taken up by the leaf was removed 
and the leaf autoradiographed. 


TABLE I 


UPTAKE OF 50-uL. ALIQUOTS OF GLUCOSE-C™ SOLUTION (6.3 mM) 
APPLIED AS A SPOT TO A PRIMARY LEAF OF 
22-DAY-OLD SOYBEAN SEEDLINGS 


Uptake of Time, 
Additions solution,* hr. 
% 
None 60 3 
5 p.p.m. boron 65 
0.8% detergent 100 1.5 
5 p.p.m. boron + 0.8% detergent 100 0.25 


*Uptake of solution estimated by measuring the volume of 
solution left on the leaf after the given time. 


Table I shows that there was only a 60% uptake of glucose solution from 
the spot application in 3 hours. When the detergent was added, uptake 
was complete in 1.5 hours. The further addition of boron decreased the 
time for complete uptake to 15 minutes. Without the addition of detergent, 
boron had no effect on the uptake of solution. 

Fig. 1 shows tracings of the frozen leaf autoradiographs from this experiment. 
With aqueous glucose-C' alone or with added boron, the only evidence of 
penetration was over the spot of application. When the detergent was added 
there was a general spreading of C™ away from the spot of application. 
Autoradiographs such as these do not indicate whether penetration was into 
the cells or simply into the intercellular spaces. The addition of boron gave 
a much wider spreading of C™. In this case some veins were outlined in the 
autoradiograph indicating that there was penetration of the isotope into the 
cells. There was also a high concentration of C'™ in the petiole, indicating 
translocation of C™ out of the primary leaf. The entry of both sucrose-C™ 
and glucose-C™ into leaves of scarlet runner bean and sugar beet was likewise 
facilitated by the combined addition of boron and detergent. 

The effect of 0.05 M veronal buffers (3) in the pH range 4.2 to 8.4 on the 
uptake of sugar-boron-detergent mixtures was studied. At pH's below 
or above this range leaf tissue was rapidly damaged. The uptake of 100 
microliters of solution was determined after 30 minutes. There was no 
consistent effect of pH on disappearance of solution from the leaf surface. 
The experiment was repeated with phosphate buffers of the same molarity 
with the same random and variable results. 
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WATER OR 0.8 % DETERGENT 
WATER+5 ppm B 


0.8 % DETERGENT+5 ppm B 


Fic. 1. Line drawings of frozen leaf autoradiographs showing the effect of boron and 
a detergent on the distribution of C' in the attached primary leaf of soybean. The 
white circle shows the outline of the original application of glucose-C™., Black areas 
indicate a high concentration of C™ while cross-hatched areas indicate a lower concent- 
ration. 


One further interesting observation was made. If the soybeans were put 
in the dark immediately after the application of the tracer solutions, the 
leaves collapsed from their horizontal position and there was no uptake of 
solution. When the plants were returned to the light the leaves slowly 
came back to their normal position and uptake of solution was resumed. 
There is no explanation at present for this peculiar effect of light on uptake 
by leaves of this species. 


Translocation of C\ from Labelled Sucrose 

With the spot application of sugar-boron—detergent solutions it was possible 
to study the translocation of C™ out of the primary leaf of the sovbean seedling. 
For this purpose 37 micrograms (652 myc.) of sucrose-C' in 50 microliters 
of solution was applied to one primary leaf of each of two sovbean seedlings. 
After 20 minutes in the light (800 ft-c.) uptake of the solution was completed. 
One seedling was retained in the light for 14 hours and the second seedling 
was transferred to the dark for the same period. The following parts of each 
plant were burned to carbon dioxide and assayed for C™: (1) the treated 
primary leaf, (2) the opposite primary leaf, (3) the stem tip, (4) the stem 
between the primary leaf node and the cotyledon node, (5) the stem between 
the cotyledon node and the root, and (6) the root (Fig. 2). 
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0.3 % 0.2 % 
(0.04) (0.02) 
0.6 % / 05% ‘1,7 59.0% 
(0.14) 99,0 % (0.08) KS) (8.92) 
(17.85) (Fi 
0.1 % 27.0 % 
(0.02) (2.82) 
1.8% 
(119) 
fe) 1.5 % 
(0.08) 
14 hr. light 14 hr. dark 


Fic. 2. Effect of light or dark on translocation of C! from the spot application of 
sucrose-C to the primary leaf of soybean. Results expressed as ©) of C™ recovered. 
Results in parentheses are specific activity, myc. per mg. carbon. 


All of the C™ given to the plant kept in the light was recovered while 40% 
of the C' given to the plant kept in the dark was lost, probably in respiration. 
For this reason, the results shown in Fig. 2 are calculated as “% of C™ recovered 
and as specific activity expressed as muc. per mg. C. 

In the light, only 1° of the C™ recovered was translocated out of the 
treated leaf. Most of this translocated C™ accumulated in the opposite 
primary leaf or in the stem tip. In the dark, 40% of the C'™ recovered was 
translocated out of the treated leaf and was distributed in all plant parts. 
Both recovery and specific activity data show that the translocation of C™ 
to the opposite primary leaf and the stem tip was not increased in the dark. 
The bulk of the translocated C'™ accumulated in the stem between the treated 
leaf and the root. The rapid elongation and thickening of this part of the 
stem in seedlings of this age probably explains the accumulation of Cl. 

When this experiment was repeated, sacrificing pairs of seedlings at 3, 
8, or 14 hours, the same distribution of C' was obtained. 

The distribution of radioactivity among compounds in the ethanol-soluble 
fraction of each plant part was determined by paper chromatography and 


autoradiography. The treated leaves and lower stems of plants kept for 
14 hours in the light or dark showed at least six compounds, including 
sucrose, glucose, and fructose. In all other plant parts the level of radio- 
activity was too low for analysis. “The ethanol-insoluble residue of most parts 
contained C", indicating that there was metabolism of the applied sucrose. 
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Translocation of C' from Labelled Glucose 


When 56 micrograms (910 myc.) of glucose-C' in 50 microliters of boron- 
detergent solution was applied as a spot to the primary leaf of a soybean 
seedling, the distribution in the light or dark was similar to that observed 
with sucrose-C™ (Fig. 3). Less than 1°% of the C™ had been translocated 
out of the treated leaf after 8 hours in the light, while 11% had been trans- 
located after only 3 hours in the dark. In the light, the small amount of C™ 
translocated out of the treated leaf was distributed throughout the plant 
with some indication of it being concentrated in the stem tip and in the 
stem between the treated leaf and the root. In the dark, the bulk of the C™ 
was translocated downward, accumulating in the stem. The C™ that was 
translocated upward accumulated in the trifoliate leaf and not in the actively 
growing stem tip. 


1.55 % 
0.02 % 
O16 % 
0.10 % 
0.06 % 
0.07 % 4 99.5 % 88.85 % 
0.14 % 
8.70 % 
0.09 % 
0.04 % 0.72 % 
8 hr. light 3 hr. dark 


Fic. 3. Effect of light or dark on translocation of C™ from the spot application of 
glucose-C™ to the primary leaf of soybean. Results expressed as %% of C recovered. 


Translocation of C from Labelled Photosynthate 

One primary leaf of each of a pair of soybean seedlings was treated with 
2 uc. of CMO. for 15 minutes in the light. One seedling was kept for 3 hours 
in the light and the other for 3 hours in the dark. The C' content of each 
part was determined with the results shown in Table IT. 
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TABLE II 


THE EFFECT OF LIGHT OR DARK ON THE DISTRIBUTION OF C'-pPHOTOSYNTHATE TRANSLOCATED 
FROM THE PRIMARY LEAF OF SOYBEAN 


Specific 
Fresh Total activity, Total Total 
weight, carbon, muc. per activity, activity, 
mg. mg. mg. C muc. q 
Plant 1, 3.25 hr. light 
Treated primary leaf 112 10.62 61.20 651.00 84.90 
Opposite primary leaf 127 9.12 10.05 0.46 0.06 
Trifoliate leaf* 524 2i42 0.40 11.09 1.45 
Stem tipt 66 4.50 $.13 14.09 1.84 
Stemt 185 9.18 4.40 40.30 5.26 
Stem§ 207 10.14 1.59 16.14 2.11 
Root 388 12.54 2.68 33.60 4.38 
Totals 1609 766.68 100.00 
Plant 2, 0.25 hr. light 
3 hr. dark 
Treated primary leaf 126 1:32 59.10 432.50 73.40 
Opposite primary leaf 113 6.30 0.07 0.44 0.07 
Trifoliate leaf* 451 21.48 0.36 7.74 1.31 
Stem tipt 52 3.18 0.96 3.05 0.50 
Stemt 181 7.38 5.02 37.10 6.29 
Stem§ 205 9.36 1.21 1.91 
Root 800 21.60 4.51 97.50 16.52 
Totals 1928 589 .66 100.00 


*Includes stem between primary leaf node and trifoliate leaf node. 
*Part of seedling above trifoliate leaf node. 

tStem between primary leaf node and cotyledon node. 

§$Stem between cotyledon node and root. 


The fresh weights of various plant parts were remarkably similar, varying 
mainly in that the root of Plant 2 weighed twice as much as the root of Plant 1. 
Assuming that about the same amount of C™ was fixed in each leaf during 
photosynthesis, Plant 2 lost about 20°% of its C™ by respiration while in the 
dark. 

Although C! was translocated to all parts of the plants in both light and 
dark, the distribution of C' among parts was different in the two plants. 
The specific activity (S.A.) and total activity of carbon from the treated 
leaf were lower after the period in the dark than after that in the light. 
However, a larger amount of C'™ was transported to other parts of the plant 
in the dark (158 myc.) than in the light (116 myuc.). The stem tip accumu- 
lated more activity in the light (S.A. 3.13 myc. per mg. C) than in the dark 
(S.A. 0.96 myc. per mg. C). Since the higher total carbon of the stem 
tip of plant 1 would tend to dilute the C™ content of the tissue and lower 
its specific activity, the accumulation of C™ in this part of the plant was even 
higher than indicated. Similarly a greater proportion of C'™ accumulated 
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in the root of the plant kept in the dark. The accumulation of C™ in the 
leaves and stems of the two plants was very similar. Only a trace of C™ 
was translocated to the primary leaf opposite the treated leaf. 


Discussion 


Gauch and Dugger (6) and Sisler, Dugger, and Gauch (9) recently postu- 
lated that boron may be necessary for the movement of sugar through proto- 
plasmic membranes. According to their theory, the ionized sugar—borate 
complex moves through the membrane, or alternatively, the boron is asso- 
ciated with the membrane, reacting with the sugar at this site. The present 
work shows that boron facilitates the entry of sucrose or glucose into the 
cells of non-wounded leaves. Although high pH favors the formation of a 
sugar—borate complex, pH over the range 4.2 to 8.4 had no consistent effect 
on uptake. This evidence discounts the theory that the formation of the 
sugar-borate complex is necessary for entry into the cells. 

The observations of Aronoff (1) and Rabideau and Burr (8) that translocate 
derived from photosynthate accumulated in the actively growing stem 
during downward translocation have been confirmed. However, the present 
experiments with introduced sugars failed to find any appreciable transloca- 
tion of material upward into the growing stem tip. With soybean there was 
a small but significant amount of C™ translocated to the opposite primary leaf 
from either photosynthate or applied sugar. Rabideau and Burr (8), using 
Phaseolus vulgaris, found no cross transport of C'-labelled photosynthate 
between primary leaves. However, these authors would not have detected 
with the mass spectrometer the small amounts of carbon isotope that were 
found in the present experiments with soybean. 

In the experiments with labelled photosynthate, light or dark affected 
the destination of the translocated carbon without necessarily having had 
any effect on translocation. This interpretation would agree with that of 
Vernon and Aronoff (10), who found no effect of high and low light intensity 
or darkness on the translocation of photosynthate in soybean stems. Since 
photosynthate was translocated in both light and dark it is difficult to explain 
why there was so little translocation of C'™ in the light from primary leaves 
treated with externally applied sugar. 

It is evident that some form of barrier exists which limits the rate of passage 
into the conductive tissue. Day (5) has found that 2,4-D, applied to the 
leaf of a bean plant, moved through the cuticle, epidermis, and mesophyll 
to the phloem with a velocity of approximately 30 w per hour. Once inside 
the phloem it was translocated at a velocity of from 10 to 100 cm. per hour. 
Translocation of organic compounds in the conducting elements should be 
studied without the complications of penetration into, and metabolic conver- 
sion by, the surrounding leaf tissue. Unless these inherent difficulties can be 
overcome, methods involving foliar application will have a limited value in 
the study of translocation. 
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THE APPLICATION OF A NEW NOMENCLATURAL APPROACH 
TO UPPER CRETACEOUS PLANT MICROFOSSILS 
FROM WESTERN CANADA! 


GLENN E. Rouse? 


Abstract 


A new system of nomenclature is proposed with the purpose of presenting a 
scheme which will be applicable to spores, pollens, and other microfossils from 
all geological ages. A review of previous nomenclatural systems is presented 
to indicate the historical development of microfossil nomenclature. The 
applicability of the new system is illustrated by naming 21 new species and four 
new genera of Upper Cretaceous microfossils from the Comox formation of 
Vancouver Island and the Oldman formation of southern Alberta. ‘The 
microfossil conspecti are briefly compared with the assemblage previously 
reported from the Brazeau formation of western Alberta. Advantages of the 
new nomenclatural scheme are discussed in the light of future discoveries of 
plant microfossils, and their application to palaeobotanical and _ geological 
problems. 


Introduction 


In recent vears, plant microfossils have assumed an _ ever-increasing 
importance in geological and palaeobotanical investigations. Interest has 
centered mainly around the application of spores, pollens, and other fossilized 
microscopic units to problems in stratigraphic correlation, geological dating, 
phylogeny, evolution and migration, and explorations for petroleum. In 
Canada, this interest has been reflected in the results of several recent 
publications (Somers (45, 46), Radforth and Rouse (34, 35), and Radforth 
and McGregor (32, 33)). 

The fact that large numbers of plant microfossils are being found in 
Canadian strata has created the problem of obtaining an efiective taxonomic 
reference. This problem has been partially resolved by the adoption of an 
artificial system of classification by several investigators (Radforth and 
Rouse (34), Radforth and McGregor (32)). At the same time, however, the 
adoption of a nomenclature was deliberately avoided by these authors until 
such time as a sufficient variety of microfossils could be assembled and 
appraised. During the succeeding interval, large numbers of plant micro- 
fossils have been disclosed from both Mesozoic and Palaeozoic strata, and 
the formulation of a suitable system of nomenclature appears to be both 
timely and pertinent. 

To date, there has been no general or international agreement concerning 
the nomenclature of plant microfossils, and the variations existing in systems 
of different schools have resulted in a confusing array of names and classifica- 

1Manuscript received January 22, 1957. 
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tions. This unfortunate situation is progressively compounded with each 
additional publication. An effective solution to this problem would appear 
to lie within the jurisdiction of the International Botanical Congress, and 
it is in anticipation of the next meeting of this organization that the present 
treatise is forwarded for consideration. 

The objective of this paper is to present a new method of nomenclature 
which can be applied to plant microfossils of all ages. The system, although 
consisting of a new association of nomenclatorial mechanics, is essentially a 
combination of what are believed to be the desirable features of previously 
devised nomenclatures. The effectiveness of the new nomenclature is 
illustrated by application to microfossils which were recently disclosed from 
two Upper Cretaceous formations from western Canada (Rouse (38)). 


Review of Earlier Proposals 


A brief review of the various systems of nomenclature which have been 
previously designed is presented so that comparisons can be made between 
these and the system herein proposed. 

In the early 1930’s, R. Potonié and co-workers arranged fossil spores 
and pollens under the designations of Sporites and Pollenites respectively. 
Secondary epithets which were morphologically descriptive were applied, so 
that each microfossil possessed a binomial reference. In 1933, Wodehouse 
(57) proposed and employed a method of adding the suffix ‘-pites’ to the roots 
of modern family or species names where relationships were known, e.g. 
Ericipites and Pinus strobipites. At the same time, [brahim (11) established 
a system of adding ‘-sporites’ to morphologically descriptive roots in naming 
Palaeozoic spores. In 1944, Schopf, Wilson, and Bentall (40) emended some 
of the already existing Palaeozoic spore groups, and introduced several new 
genera, e.g. Raistrickia. Several vears later, Erdtman (7) devised a system 
involving ‘sporomorphs’ or form classes. EErdtman’s system has been adopted, 
with modifications, by Cookson (3) in Australia, Couper (5) in New Zealand, 
and several European palaeobotanists. 

Since 1950, several proposals have been introduced, by German investi- 
gators, concerning the nomenclature of Tertiary spores and pollens. Potonié, 
Thomson, and Thiergart (29) formulated a procedure of adding ‘-oidites’ to a 
generic root where microfossils were obviously affiliated with a modern plant 
genus, but where the exact generic relationship was not certain. Resulting 
names were regarded as half-natural designations. Where the relationship of 
a microfossil to spores or pollen grains of a modern plant was certain, the 
modern genus name was employed, together with a non-specific secondary 
root and the suffix ‘-oide’. Examples of resultant names are Laricoidites magnus 
and Lycopodium clavatoide Typen. 

This system was later modified by Potonié (26) by the adoption of the 
practice of adding ‘-oidae’ to family roots and interjecting ‘oz’ into generic 
names together with the suffixes ‘-pollenites’ or ‘-sporites’. Examples are 
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Polypodiaceoidae, Mohrioisporites, Cedroipollenites. This system of reference 
was subsequently criticized by Thomson and Pflug (51) on the basis of 
International Rules of Botanical Nomenclature. The latter authors 
established a new system for all spores and pollens based on morphologically 
descriptive roots combined with the suffixes ‘-sporites’ and ‘-pollenites’. 
Examples are Wultiporopollenites rotundus and Concavisporites obtusangulus. 


In attempting to apply the previously formulated nomenclatural schemes 
to Cretaceous microfossils, several difficulties have been encountered which are 
considered noteworthy. (1) The method of grouping microfossils under the 
semiartificial generic designates of Sporites and Pollenites has resulted in the 
inclusion of morphologically and phylogenetically unrelated spores and pollens 
within one or the other of these genera. Furthermore, Potonié and _ his 
co-workers have subsequently applied new names to spores and pollens which 
had previously been grouped under Sporites and Pollenites. Although 
Potonié’s original system was an admirable contribution, the later incon- 
sistencies have resulted in confusion. (2) The system of adding ‘-idites’ to 
generic roots of existing genera, as proposed by Erdtman (7), has the 
disadvantage of not indicating whether a microfossil is either a spore or a 
pollen grain. Where relationships of microfossils to modern genera are 
known, this practice is suitable. Where no relationships are apparent, 
however, the only alternative is the application of form genera such as 
Tricolporites, Trilites, etc. This does not indicate whether the genus is a 
fossil spore or pollen, and further confuses the taxonomy by the inclusion of 
unrelated microfossils under the same form genera. (3) The nomenclatural 
systems employed by Thomson and Pflug (51) and Potonié and Kremp (30, 
31), i.e. morphologically descriptive roots in combination with the suffixes 
‘-sporites’ and ‘-pollenites’, has the advantage of indicating whether microfossils 
are either spores or pollens, but does not indicate relationships to modern taxa. 
This system is applicable to most Palaeozoic microfossils, where few relation- 
ships are known, but is undesirable for naming many Mesozoic and Tertiary 
microfossils where natural relationships are known. (4) Recently, Traverse 
(52) has reviewed the various nomenclatures which have been applied to 
Tertiary microfossils, and has suggested several novel procedures. According 
to Traverse, relationships of spores and pollens to extant genera and species 
should be indicated by applying either the generic or specific name, or both, 
if the fossil units can be identified with extant species. Where a microfossil is 
recognized as being related to an extant family, but cannot be affiliated with a 
genus of that family, a new genus is created; e.g. Horniel/la, a new genus for a 
pollen allied with the Rutaceae. 

The main criticism of Traverse’s proposal concerns the establishment of 
new genera within natural families without the provision that the genera and 
species comprise only fossil spores and pollens. A natural genus in the 
taxonomic sense refers to a group of related modern organisms, and is 
established on the basis of various sporophytic characters. It has not been 
shown to date that gametophytic characters alone are diagnostic of families or 
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even genera. Contrastingly, it is known that in several natural families, e.g. 
Polypodiaceae, the spores are not definitive. Thus the establishment of new 
genera within extant families on the basis of fossil spore or pollen characters 
alone would appear to be an inappropriate procedure. 

Thomson and Pflug and Traverse have criticized the so-called half-natural 
systems as proposed by Wodehouse, Potonié, and others. The use of half- 
natural designations, however, such as Betulaceoipollenites, is valuable for 
indicating that the unit is a fossil spore or pollen and is related to a spore or 
pollen of a modern family or genus. If at a future time the unit becomes 
specifically identifiable with a modern genus, the modern name can replace the 
half-natural designation. 


New System Proposed 


The system here proposed and adopted for the nomenclature of previously 
undescribed spores and pollens is as follows. When a spore or pollen is known 
to belong within a modern genus, the generic name is used, together with a 
specific epithet which is composed of a morphologically descriptive root and 
either of the suffixes ‘-sporites’ or ‘-pollenites’. Examples of resultant names 
are Gleichenia concavisporites sp. nov., and Ginkgo labiapollenites sp. nov. 
Where relationships of spores or pollens to modern families are indicated, the 
genus of that family to which the particular spore or pollen appears to be 
most closely related is used in combination with either of the ‘-sporites’ or 
‘-pollenites’ suffixes. Examples are Hymenophyllumsporites trichoma gen. 
and sp. nov. and Cupressuspollenites distortus (Rouse (38)). Where no family 
relationship is suggested, morphologically descriptive roots, in combination 
with the suffixes, form the generic names, e.g. -lguilapollenites trialatus gen. 
and sp. nov. 

Spores or pollens which are obviously new species of previously established 
genera are described and incorporated in a conformable fashion within those 
genera, e.g. Deltoidospora rhytisma sp. nov., a new species assigned to the 
genus Deltoidospora as originally proposed by Miner (20). 

If spores or pollens are known certainly to be identical with forms which 
have been previously named, those names are employed. In cases where two 
names have been applied to apparently identical microfossils in the same year, 
the name indicating a natural relationship is given in preference to an artificial 
designation. 

There are several advantages of the nomenclatural system thus proposed. 
First, the use of modern generic names together with specific epithets and the 
appropriate suffixes serves to denote the modern generic relationships of the 
spores and pollens, while indicating that the botanical units are fossil spores 
and pollens. Secondly, the utilization of generic names in combination with 
the suffixes conveys relationships to genera of modern or fossil families as 
closely as possible, and at the same time indicates that the genera are reserved 
for fossil spores and pollens. Thirdly, the application of morphologically- 
descriptive roots combined with the suffixes provides a means for the establish- 
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ment of form or artificial genera for spores and pollens of uncertain botanical 
affiliation. The provision for such genera in this system allows for reference 
to microfossils from Palaeozoic and older Mesozoic horizons, where few 
natural relationships are determinable. 

In formulating this system, the author has attempted, as have most 
palaeobotanists, to establish a nomenclature which places spores and pollens 
on a taxonomic basis comparable with other fossilized plant components, 
following the suggestion of Andrews (1). At the same time, an attempt has 
been made to indicate taxonomic relationships within the construction of the 
names. This conforms with the prevailing practice in the nomenclature of 
plant macrofossils, e.g. Osmundites, Lycopodites. 


Descriptions and Nomenclature 


The microfossils herein described and named were obtained from several 
coal seams within the Comox formation of Vancouver Island, and from samples 
of roof-shale from No. 8 seam of the Lethbridge City Collieries. This latter 
seam is found within the Oldman formation of south-central Alberta. Accord- 
ing to recent records, the age of the Comox is correlated with the Campanian 
stage of the European Cretaceous system, whereas the age of the Oldman is 
equated with the Santonian. 


In the following descriptions, an asterisk (*) has been inserted before the 
names of new genera and species. The names of spores or pollens given by 
other authors, which appear to be identical with or very similar to those named 
and described here, are noted under the subheading of ‘‘Similar forms’. The 
size ranges presented are those found from an examination of various specimens 
encountered, but are in no case considered to be absolute. 

The initials Mc. U. P. C. stand for McMaster University Palaeobotanical 
Collection, the slides of type specimens having permanent storage in that 
collection. 

The combination of the alphabetical letter and numeral subscript which is 
presented for each microfossil is the designation which has been applied 
following the classification system outlined by Radforth and Rouse (34). 
This method is being continued for the artificial classification of Cretaceous 
plant microfossils because it facilitates the recording of frequency histograms 
which are emploved in correlation and palaeoecological assessments. 


COMOX MICROFOSSILS 
Bryophyta 
SPHAGNACEAE 

Genus Sphagnum Dill. 


Sphagnum antiquasporites Wilson and Webster (56) —S;—PI. I, Figs. 32 and 33 


Specimens from the Comox are identical with those found by Wilson and 
Webster from a Ft. Union coal from Montana, and by Radforth and Rouse 
(34) from the Brazeau coals of western Alberta. This spore is undoubtedly 
allied with the modern Sphagnum. 


é 


354 CANADIAN JOURNAL OF BOTANY. VOL. 35, 1957 
SPHAGNACEAE ? 
Genus Stenozonotriletes Naumova (22) 


Stenozonotriletes simplex Naumova. In Bolkhovitina (2)—S;,—PI. I, Figs. 40 
and 41 
This form is identical with that described by Bolkhovitina from the Creta- 
ceous of Russia. With the exception of the thick wall, Stenozonotriletes simplex 
specimens are identical with those of Sphagnum antiquasporites. 


Pteridophyta 
LYCOPODIACEAE 
Genus Lycopodium (Dill.) L. 
Sporites solidus R. Potonié (25)—S2-—PI. I, Figs. 27 and 28 


Potonié states that S. solidus is related to the spores of the modern 
Lycopodium linifolium. The name Sporites solidus is retained for this form 
until additional corroborative evidence is obtained. 


FILICALES 
DICKSONIACEAE 
*Cibotiumsporites gen. nov. 


Subtriangular in shape with pointed or slightly rounded angles.  Trilete, 
with the laesurae extending to the periphery. Walls between angles generally 
concave, but may be straight or even slightly convex. Ridges and furrows 
parallel the tetrad scar, and extend between the angles. Size range: 40-55 yu. 
TYPE SPECIES: Cibotiumsporites concavus sp. nov. 

The genus Cibotiumsporites has been established to incorporate fossil spores 
which resemble modern spores of the genus Cibotium more closely than those 
of other genera of the Dicksoniaceae. Relationships of fossil and modern 
dicksoniaceous spores have been indicated by Knox (14) and Selling (41). 
Su:—PI. I, Figs. 36 and 37 

Subtriangular in shape, with angles moderately pointed. Trilete, with the 
laesurae extending to the periphery, and the extremities more or less flaring. 
Prominent ridges and furrows subtend the trilete rays in a concave arrange- 
ment, terminating at the angles. Size range: 40-55 yw. 

Type specimen: PI. I, Fig. 37. Me. U.P.C. Slide Van-2 (iii) 

Spores similar of Cibotiumsporites concavus were described by Selling (41) 
from several species of the genus Cibotium occurring in the Hawaiian Islands. 
Knox (14) has indicated a resemblance of Cibotium spores to those of Thyrs- 


*Cibotiumsporites concavus sp. nov. 


opteris elegans. 
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POLYPODIACEAE 


Genus Laevigato-sporites (Ibrahim 1933) emend. Schopf, Wilson, 
and Bentall (40) 


Laevigato-sporites ovatus Wilson and Webster (56)—O,—PI. I, Fig. 3 

Similar forms: Sporites haardti, Potonié and Venitz (28) 

Polypodiaceae-sporites haardti, Thiergart (47) 
Spores of Vittaria rigida, Selling (41) 

Nephrolepis cretaceus, Bolkhovitina (2) 
Laevigatosporites haardti, Thomson and Pflug (51) 

Various investigators have indicated a close similarity of L. ovatus and 
other kidney-shaped, monolete forms to spores of some polypodiaceous ferns. 
Several genera of the Polypodiaceae, e.g. Asplenium, Aspidium, Athyrium, 
and Thelypteris, have monolete spores, whereas some other genera bear trilete 
units. Hence the application of natural or half-natural generic names to 
polypodiaceous spores is difficult, and would be confusing until natural 
affiliations have been determined. The problem was discussed by Wilson and 
Webster (56), who employed the form genus Laevigato-sporites (Ibrahim) 
emend. Schopf, Wilson, and Bentall (40) for reference to smooth-walled, 
monolete spores from the Tertiary. This practice is herein extended for 
reference to similar spores recovered from Cretaceous deposits. 


POLYPODIACEAE ? 
Genus Acanthotriletes Naumova (22) 


Acanthotriletes typicus Naumova. In Bolkhovitina (2)—S2;—Pl. I, Figs. 29 
-31 
Similar forms: Pteridium typicum, Bolkhovitina (2) 
Turriella rigidispina, Luber (18) 

Specimens of S:; from the Comox are identical with spores of Pleridium 
typicum named accordingly by Bolkhovitina because of their similarity to 
modern spores of Pteridium. The generic name Acanthotriletes is retained 
because of priority, and because of the similarity of S.; to spores from the 
Carboniferous which were first described within that genus. In addition, the 
use of the unmodified genus name of a modern fern group to designate a fossil 
plant unit is misleading, and does not conform to the prevailing practice of 
palaeobotanical nomenclature. 


FILICALES—INCERTAE SEDIS 
Genus Deltoidospora Miner (20) 


Deltoidospora diaphana Wilson and Webster (56)—Sy»—PI. I, Figs. 15 and 20 


Specimens of S» from the Comox are identical with those found by Wilson 
and Webster from a Fort Union coal (Tertiary) from Montana. 


*Deltoidospora rhytisma sp. nov.—See—PI. I, Figs. 17, 34, and 35 
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Subtriangular in outline. Sides slightly concave, and angles rounded. 
Trilete, the laesurae extending from one-half to the complete distance to the 
periphery. Ornamentation broadly punctate. Spore wall generally wrinkled. 
Range of length 32-50 yu. 

Type specimen: PI. I, Fig. 34. Me. U. P. C. Slide Van-1 (ii) 

The example figured in Pl. I, Fig. 17, represents three members of an 
original spore tetrad. Hence the trilete suture appears to be confluent with 
the notches. 


Pteridophyta—Incertae Sedis 
Genus Verrucosi-sporites Ibrahim (11) 


Verrucosi-sporites verrucosus Ibrahim (11)—S.;—-Pl. I, Figs. 25 and 26 
Specimens of 1. verrucosus from the Comox are identical with those from 
Carboniferous horizons in Europe. 
The affiliation of V. verrucosus is unknown. 
Sporites neddeni R. Potonié (23)—Sy;—PI. I, Fig. 38 
Similar forms: Punctati-sporites cf. neddeni, R. Potonié and Gelletich (27) 
Trilites fragilis Couper (5) 
A relationship of Sporites neddeni to spores of Alsophila (Cy ratheaceae) was 
suggested by Potonié and Gelletich (27). Although most cyatheaceous spores 


Comox microfossils 

Fics. land 2. Pinus haploxylon-typus Rudolph—N,;—49 and 55 p. 

Fic. 3. Laevigato-s porites ovatus Wilson and Webster—O.—47 

Fics. 4 and 5. Tricolpopollenites minor sp. nov.—Qs—27 and 

Fics. 6 and 7. Sparganium globipites Wilson and Webster—Q.—33 and 29 

Fics. 8and 8a. Engelhardtia spackmaniana Traverse—Q)—26 and 28 wy. 

Fic. 9. Pollenites granifer megagranifer R. Potonié—Qiy—33 wp. 

Fic. 10. Beaupreadites eleganstformis Cookson—Qy,—34 

Fics. 11 and 12. Uncertain affiliation—Qy—23 and 29 uw. 

Fics. 13 and 14. Pollenites manifestus R. Potonié—Q,;—20 and 18 p. 

Fics. 15 and 20. Deltoidospora disphana Wilson and Webster—Sy.—42 and 43 yp. 

Fics. 16 and 19. Tricolpopollenites divergens sp. nov.—Qis—37 and 31 yp. 

Fic. 17. Deltoidospora rhytisma sp. nov. (members of a tetrad)——-Se»—38 pw. 

Fic. 18. Tricolpopollenites sp. (athliation uncertain)—Qes—30 

Fics. 21 and 22. Miucroreticulatisporites nobilis (Knox) Potonié Kremp—S,;—39 
and 37 

Fics. 23 and 24. Microreticulatis porites irregularis sp. nov.—S24—46 and 48 yw. 

Fics. 25 and 26. Verrucost-sporites verrucosus Ibrahim—S.;—84 and 97 yw. 

Fics. 27 and 28. Sporites solidus R. Potonié—Sx>—56 and 53 p. 

Fics. 29-31. Acanthotriletes typicus Naumova—S»;—43, 38, 41 

Fics. 32 and 33. Sphagnum antiquasporites Wilson and Webster—S,—28 and 34 yp. 

Fics. 34 and 35. Deltotdospora rhytisma sp. nov.—Sx»—36 and 41 p. 

Fics. 36 and 37. Cibotiumsporites concavus sp. nov.—S4,—45 and 47 wp. 

Fic. 38. Sporites neddeni R. Potonié—S4;—66 wu. 

Fic. 39. Osmunda-sporites sp.?—S4¢—27 

Fics. 40 and 41. Stenozonotriletes simplex Naumova—S;,—30 and 30 w. 

Fic. 42. Osmunda-sporites primarius Wolff—T,—46 

Fics. 43 and 44. Pollenites laesus R. Potonié—Ujpo—23 and 24 

Fic. 45. Uncertain affiliation—U,;—24 wp. 

Fics. 46 and 47. Fungal or bryophytic spores—-W»—23 and 24 yu. 

Fics. 48 and 49. Uncertain affiliation (possibly fungal spores) —-W —31 and 36 

Fic. 50. Uncertain affiliation—W—56 

Fics. 51 and 52. Perotrilites granulatus Couper—W1.—42 and 42 wp. 

Fics. 53 and 54. Perotrilites granulatus Couper—-W1;—6t and 57 p. 

Fic. 55. Fungal spore ?—Wjs—15 
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are distinctly concave between the angles, there is a similarity in other 
morphological features between S. neddeni and spores of some species of the 
Cyatheaceae. 


—Sie—PI. I, Fig. 39 

The affiliation of this small spore is unknown. No attempt has been made 
to name or classify the few specimens found because morphological details are 
vague. The fine setaceous ornamentation resembles that of Osmunda-sporites, 
and Sys may be a small representative of that genus. 


Osmunda-sporites sp.—T,—PI. I, Fig. 42 
Only a single specimen referable to Osmunda-sporites was located in the 
Comox samples. 


Genus Perotrilites Couper (5) 


Perotrilites granulatus Couper (5)—Wy and W,;._ PI. I, Figs. 51 to 54 
Similar forms: Pulvinella pailoptera Luber (18) 
Densosporites (Berry) emend. Schopf, Wilson, and Bentall 
(40) 
Anulatisporites (Loose) emend. Potonié and Kremp (30) 
The size range given by Couper for Perotrilites granulatus was 57-65 yp, 
which corresponds to the range for Wi3. Form Wy has been delimited from 
Wi; on the basis of a smaller size range (38-43 uw), but the two forms are 
otherwise morphologically identical. 
P. granulatus is very similar to Anulatisporites spores and to a lesser extent 
to Densosporites, both of which are Carboniferous forms. 
Couper has indicated the resemblance of Perotrilites granulatus to some 
spores of the Selaginella sibirica group figured by Knox (15). 


Systema Incertae Sedis 
NOEGGERATHIALES? 


Genus Microreticulatisporites (Knox) emend. Potonié and Kremp (30) 


Microreticulatisporites nobilis (Knox) Pot., and Kremp (31)—S:;—PI. I, Figs. 
21 and 22 

Similar forms: Reticulati-sporites nobilis Wicher (55). 

Specimens of Microreticulatisporites nobilis from the Comox coals are 
identical with forms described and figured by Knox (15) and Potonié and 
Kremp (30, 31) from the Carboniferous of Europe. With the exception of the 
lower size range (30-45 yw), M. nobilis is identical with M. silati. 


* Microreticulatisporites irregularis sp. nov.—Se,—PI. I, Figs. 23 and 24 


Broadly subtriangular to round in shape. Trilete, with the simple laesurae 
extending to the periphery, or at least two-thirds the distance. Ornamenta- 
tion broadly reticulate to vermiculate; the ornamentation on the distal side 
irregularly disposed and much heavier. Size range: 47-53 wp. 
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Type specimen: PI. I, Fig. 24. Mc. U.P. C. Slide Van-1, a-1 
With the exception of a much coarser reticulation, and a slightly larger 
size range, irregularis resembles nobilis. 


Microfossils—Incertae Sedis 


—W,—PI. I, Figs. 46 and 47 

Specimens of Ws are similar to microfossils referred to as probably moss or 
fungal spores by Weyland and Greifeld (53), and as “Sporomorpha sp., 
fragliche form’? by Weyland and Kreiger (54). 


—W,,—PI. I, Figs. 48 and 49 

Form Wy has a morphology generally resembling that of some fungal spores, 
with the exception of the large size (30-40 uw). The single suture with a 
notch in the wall is characteristic. The inner wall appears to be weakly 
delimited. 


—W1,—PI. Fig. 50 

A single specimen of this microfossil was encountered in the Comox. The 
short rod-like depressions are concentrated opposite the weakly-defined angles, 
and present a pattern in the central region suggestive of a trilete arrangement. 
Perforations are scattered throughout the wall, and may be pores. 

The botanical affiliation of this form is unknown. 


—W;,;—PI. I, Fig. 55 
The morphology of Wis is similar to that of some fungal spores. The 
specimens are small, 15-20 uw, have a single longitudinal suture, and are 
moderately thick-walled. 
Gymnospermae 

PINACEAE 
Genus Pinus L. 


Pinus haploxylon—Typus Rudolph (39)—N,;—PI. I, Figs. 1 and 2 
Similar forms: “coniferous pollen grains’’—-Liassic. Nathorst (21) 
Pinus haploxylon-typus, Thiergart (48, 49) 

The morphology of Ni; conforms to the description presented by Rudolph 
(39) and others for Pinus haploxylon-typus. According to Thiergart (48), 
this pollen disappears in Upper Pliocene deposits, but it has been reported 
from the Lower Cretaceous through the Pliocene. Rudolph (39) states that 
the only similar pollens of modern pines is found in Pinus peuce. This was 
the only coniferous pollen encountered in the Comox. 


Angiospermae 
Genus Beaupreadites Cookson (4) 


Beaupreadites elegansiformis Cookson (4)—Qn—PI. I, Fig. 10 
Similar forms: Pollenites vestibulum R. Potonié (23) 
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According to Cookson, B. elegansiformis is very similar to pollen of the 
New Caledonian genus Beauprea. The size range of this form is 36-52 pu, 
which is larger than the range of Qu (30-34 yu). 


SAPOTACEAE 
Genus Achras L. ? 


Pollenites manifestus R. Potonié (24)—Q,;—PI. I, Figs. 13 and 14 
Specimens of Q:;, with a size range of 18-24 are identical with 
P. manifestus, which has a range of 22-42 uw. Potonié indicated a relationship 


of this form to pollens of the genus Sapota (now Achras), and to Mimusops 
jaimiqui of the Sapotaceae. 


BETULACEAE 
Genus Carpinus (Tourn.) L. ? 


Pollenites granifer megagranifer R. Potonié. In Potonié and Venitz (28)—Q),— 
Pl. I, Fig. 9 
Both of the specimens figured by Potonié and Venitz and that shown in 
Pl. I, Fig. 9, have three pores and a faint triradiate mark. The morphology of 
P. granifer megagranifer is very similar to that of pollens of Carpinus, as 
suggested by Potonié and Venitz and by Erdtman (6). 


Genus Engelhardtia Leschin. 


Engelhardtia spackmaniana Traverse (52)—Qi—PI. I, Figs. 8 and 8a 
Similar forms: Pollenites microcoryphaeus Potonié (23) 
Momipites coryloides \Vodehouse (57) 
Engelhardtioidites forma magna Thomson (50) 
cf. Engelhardtioidites R. Pot., Thomson and Thiergart (29) 
Specimens of Qi are identical with Pollenites coryphaeus punctatus, and with 
the specimen figured by Potonié, Thomson, and Thiergart (29) on Taf. B, 
Fig. 7, which was designated cf. Engelhardtioidites. 


ACERACEAE ? 
Genus Acer (Tourn.) L. ? 


Pollenites laesus R. Potonié (23)—Ujyy—PI. I, Figs. 43 and 44 
Similar forms: Aristotelia sp., Couper (5) 
Canalopollis maturus Pflug. In Thomson and Pflug (51) 
cf. Canalopollis maturus Pflug, Weyland and Greifeld (53) 
Potonié (23) indicated a close similarity between Pollenites laesus, size range 
25-35 mw, and modern pollen of Acer negundo ca. 30 w, Acer platanoides 32-40 p, 
and Acer pseudoplatanus, 36 uw. The size range of the Comox specimens is 
21-25 
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SPARGANIACEAE 
Genus Sparganium L. 
Sparganium globipites Wilson and Webster (56)-—Qy—PI. I, Figs. 6 and 7 

Similar forms: Sparganium? Thiergart (47) 

Sparganiodites, Potonié, Thomson and Thiergart (29) 
Sparganium angustifolium and S. minimum. Recent. 
Jonas (12) 

In their description of this pollen, Wilson and Webster remark on the single 
germ pore present. Their photograph (Fig. 18), however, shows a suggestion 
of at least two openings in the exine. If this is the case, then Q, pollens from 
the Comox are identical with Sparganium globipites. 


Angiospermae—Incertae Sedis 
—Q,— Pl. I, Figs. 11 and 12 
The pollens grouped under the designate Qy are very similar to Sparganium 
globipites, with the exception of being definitely tricolpate and having a 
punctate ornamentation. 


Genus Tricolpopollenites Thomson and Pflug (51) 


*Tricolpopollenites minor sp. nov.—Qs—PI. I, Figs. 4 and 5 

Subtriangular in shape. Tricolpate, with the colpae generally flared or 
forming a notch at the acutely rounded angles. Exine laevigate, somewhat 
irregular in contour, and moderately thick. Size range: 24-31 wy. 

Type specimen: PI. I, Fig. 5. Me. U. P.C. Slide Van-1, a-2 

Specimens of Tricolpopollenites minor have a moderately high frequency of 
occurrence in one sample of the Comox. Similar forms have not been reported 
from other horizons, and the botanical affiliation of this form is not known. 


*Tricolpopollenites divergens sp. nov.—Q,;—PI. I, Figs. 16 and 19 

Subtriangular in shape. Tricolpate, with the colpae generally flared at the 
angles and diverging from the centrum. Concave ridges extend between the 
angles; often accompanied by narrow furrows. Exine levigate to broadly 
punctate, and moderately thick, with thickened darker areas extending 
interiorly from the wall and between the angles. Size range 33-42 yw. 
Type specimen: PI. I, Fig. 16. Mc. U. P.C. Slide Van-2 (i) 

There is a close similarity in general morphology of this pollen to that of 
Cibotiumsporites concavus, and only the presence of a trilete tetrad scar in the 
latter facilitates distinction between the two forms. 


Tricolpopollenites sp.—Qeys—PI. I, Fig. 18 

The poorly defined specimen shown in PI. I, Fig. 18, was the only repre- 
sentative of this pollen form encountered in the Comox samples. The pollen 
is tricolpate, and possibly tricolporate, with fine granular ornamentation. 
The length is 28 uw. No botanical affiliation can be suggested for this 
microfossil. 
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OLDMAN MICROFOSSILS 
Bryophyta 
SPHAGNACEAE 


Genus Sphagnum Dill. 


Sphagnum antiquasporites Wilson and Webster (56)--S,—PI. II, Figs. 40 and 
41 
Specimens of S. antiquasporites from the Oldman are identical with those 
encountered in the Brazeau (34) and Comox horizons. 


Genus Sphagnum ? 


Stenozonotriletes simplex Naumova. In Bolkhovitina (2)—S2—PI. II, Figs. 46 
and 47 
Specimens of S. simplex from the No. 8 mine roof-shale are identical with 
those encountered in the Comox. 


Pteridophyta 
LYCOPODIALES 


Genus Lycopodium (Dill.) L. 


*Lycopodium papillaesporites sp. nov.—S3,—PI. III, Figs. 50-52 
Broadly subtriangular in shape. Trilete, with the laesurae wavy and 
extending to the periphery. A thin, hyaline perispore surrounds a thin spore 
wall. Ornamentation weakly reticulate, with thin papillae extending from 
the reticulum. Size range 39-47 yu. 
Type specimen: PI. III, Fig. 52. Mc. U. P. C. Slide Leth. No. 8, 1:1 (iii) 
Similar forms: Lycopodium clavatum spores ) 
Lycopodium companulatum spores + Jonas (12), Pl. 37 
Lycopodium annotinum spores 
The morphology of this form is identical with that of the modern Lycopodium 
spores figured by Jonas (cited above), which suggests that species of 
Lycopodium occurring in the Oldman pre-coal deposits were very similar to 
modern forms. 


*Lycopodium vermiculaesporites sp. nov.—V;—PI. III, Figs. 73 and 74 
Circular to oblong in shape. Trilete, with the laesurae extending to the 
periphery. Ornamentation compactly vermiculate, and present on both 
proximal and distal surfaces. Exine moderately thin. Size range 33-38 yu. 
Type specimen: PI. III, Fig. 74. Mc. U. P. C. Slide Leth. No. 8, 1:3 (ii) 
Similar forms: Spore of unknown affiliation—Oligocene. Thiergart (48), 
Pl. VI, Fig. 30 
Spores of Lycopodium cernuum, Selling (41) 
Spores of L. polytrichoides, Selling (41) 
Lycopodium cerniidites Ross (36) 
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The ornamentation of L. vermiculaesporites is identical with that of spores 
of L. cernuum and L. polytrichoides from the Hawaiian Islands (Selling (41)); 
the difference being the presence of vermiculae on both proximal and distal 
surfaces of L. vermiculaesporites. Otherwise, L. vermiculaesporites is very 
similar to the spores of L. clavatum. 


Pteridophyta 
FILICALES 


OSMUNDACEAE 
Genus Osmunda-sporites Wolff (59) 


Osmunda-sporites primarius Wolff (59)—T, and Ts, Pl. III, Figs. 57 and 58 
Spores of O. primarius from the Lethbridge roof-shale are identical with 
those from the Brazeau horizon (34). O. primarius forms are identical with 
spores of the modern Osmunda Claytoniana. 


*Osmunda-sporites elongatus sp. nov.—T.—PI. III, Figs. 59 and 60 
Elongately elliptical in shape. Trilete, with the weakly developed laesurae 
generally obscured by folding or compression, but discernible on several 
well-oriented specimens. Ornamentation setaceous, with the individual setae 
thicker and longer than those of Q. primarius. Size range: 55-89 w. 

Type specimen: PI. III, Fig.60. Mc. U.P.C. Slide, Leth. No. 8, 1:3 (iv) 
Occurrence: Oldman and Brazeau formations 

Specimens of O. elongatus are identical with T, forms recognized in the 
Brazeau coals (Rouse (37)). It is probable that T, spores were produced by 
the same species of Osmunda as T, and Ts, but, because of their large size, 
became compressed and elongated. 


SCHIZAEACEAE 
Genus Cicatricosi-sporites R. Potonié and Gelletich (27) 


Cicatricosi-sporites dorogensis Potonié and Gelletich (27)—S,—PI. II, Figs. 38 
and 39 

Similar forms: Spores of Pelletieria valdensis, Seward (43) 

Mohria typus, Thiergart (48) 

Corculina elatior f. plicatellaeformis Maljavkina (In 

Bolkhovitina (2)) 

Mohria striata (Naum.) Bolkhovitina (2) 
The spores of Pelletieria valdensis have a size range of 60 to 70 w; the range 
of Cicatricosi-sporites dorogensis is 55-74 uw; and that of Mohria striata is 
30-78 uw. These ranges compare with a range of 45-75 uw for the Oldman 
specimens. 
According to Seward (43), similar spores are associated with Mohria 
coffrorum Desv., Aneimia tomentosa Sw., Temskya sp., and Schizaeopsis sp. 
Potonié (25) compares Cicatricosi-sporites dorogensis specimens to spores of 
Lygodium japonicum and Mohria sp. 
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GLEICHENIACEAE 
Genus Gleichenia Smith 


*Gleichenia concavisporites sp. nov.—Sjo—PIl. II, Figs. 36 and 48. Pl. III, 
Fig. 49 

Subtriangular in shape. Trilete, the borders of the laesurae invaginated 
and surrounding the trilete tetrad scar. The borders of the laesurae often 
form concave ridges between the angles. Spore wall levigate and translucent. 
Folds frequently present. Size range: 31-40 wu. 

Type specimen: PI. II, Fig. 36. Me. U. P.C. Slide Leth. No. 8, 1:2 (ii) 

Similar forms: Spores of Gleichenia emarginata and Gleichenia linearis, 

Selling (41) 

Specimens of Gleichenia concavisporites conform to the descriptions given by 
Selling for spores of the two above-named species of Gleichenia from the 
Hawaiian Islands. 


HYMENOPHYLLACEAE 
*Genus Hymenophyllumsporites gen. nov. 


Subtriangular in shape, with the angles slightly lobed, and broadly rounded. 
Trilete, with lists bordering the laesurae, and presenting a_ribbon-like 
appearance. Laesurae extending two-thirds the distance to the periphery of 
the angles, or extending the complete distance. Ornamentation weakly 
granulose to levigate. Exine entire and moderately thick. Size range 65-85 yu. 

Type species: JIymenophyllumsporites deltoida sp. nov. 

This new genus has been created to incorporate spores which are more 
closely related to IZymenophylium than to other genera of the Hymeno- 
phyllaceae (see Knox (14) and Selling (41)). 


*TIymenophyllumsporites deltoida sp. nov.—S33;—PI. III, Figs. 54-56 
The generic description is applicable to the description of the type species. 
Type specimen: PI. III, Fig. 54. Me. U. P. C. Slide Leth. No. 8, 1:7 (i) 
Similar forms: Punctati-sporites adriennis Potonié and Gelletich (27) 
Spores of IZymenophyllum spp. (14) 
Spores of [7Zymenophyllum recurvum, Selling (41) 
Trilites sinuatus Couper (5) 
Iymenophyllumsporites deltoida occurs exclusively in the Oldman formation. 


POLYPODIACEAE 
Genus Laevigato-sporites (Ibrahim (11)) emend. 
Schopf, Wilson and Bentall (40) 


* Laevigato-sporites albertensis sp. nov.—O,—PI. II, Figs. 17 and 18 

Kidney-shaped. Monolete, with the suture weakly defined, and always 
occurring along the concave crest. Ornamentation weakly punctate. Size 
range 28-36 wu. 


ve 
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Type specimen. PI. II, Fig. 17. Mc. U. P. C. Slide Leth. No. 8, 1:1 (iii) 
Similar forms: Spores of Marattiopsis hoerensis, Harris (9) 
Spores of Loxoscaphe Manni, Polystichum Hillebrandii, and 
Tectaria Caudichaudii from Hawaiian Islands, Selling (41) 
Laevigato-sporites punctatus Kosanke (16) 
Occurrence: Oldman and Brazeau formations 
Low frequencies of Laevigato-sporites albertensis were encountered in every 
sample of Lethbridge roof-shale sampled. 
The exclusive and widespread occurrence of this monolete spore in the 
Oldman and Brazeau formations suggests a potential use of O; as an index 
microfossil for those formations. 


Laevigato-sporites ovatus Wilson and Webster (56)--O,—PI. I], Figs. 19 and 20 

This spore, which was also encountered in the Comox coals, is one of the 
most commonly occurring microfossils in both the Lethbridge roof-shales and 
the Brazeau coals. The size range is 36-54 w. 


Laevigatosporites discordatus Thomson and Pflug (51)—-O; =P. II, Figs. 21 
and 22 
Similar forms: Spores of Dryopteris latifrons, Selling (41) 
Laevigato-sporites robustus Kosanke (16) 
The similarity of the morphology to that of spores of Dryopteris latifrons as 
reported by Selling suggests that L. discordatus was produced by dryopteroid 
ferns. 


Genus Polypodiaceae-sporites Thiergart (47) 


Polypodiaceae-sporites favus (R. Potonié) Thiergart (47)—V,; and V;—PI. II, 
Figs. 70-72 
Similar forms: Spores of Nephrolepis exaltata, Selling (41) 
Spores of Marattiopsis crenulatus Lundblad (19) 
Aspidium contractum Bolkhovitina (2) 

Forms V,; and V; are both considered to be conspecific with Polypodiaceae- 
sporites favus. ‘Two categories have been delimited on the basis of a smaller 
size range of V;. However, a range of 30-55 yu has been established for P. favus, 
by which both V; and V3 are encompassed. 


Polypodiaceae-sporites alienus (R. Potonié) Thiergart (47) —V»>—-PI. III, Fig. 76 
Similar forms: Sporonites alienus R. Potonié (23) 
Sporites alienus Potonié and Venitz (28) 
Davallia inflexa Bolkhovitina (2) 
Spores of Davallia Griffitiana Hook., Bolkhovitina (2) 
Pteridophyta——Incertae Sedis 
Genus Deltoidospora Miner (20) 
Deltoidospora diaphana Wilson and Webster (56)-—Sij.——PI. II, Figs. 42 and 43 


Specimens of D. diaphana from the Lethbridge roof-shales are identical with 
those from the Comox formation. 
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NOEGGERATHIALES? 
Genus Microreticulatisporites (Knox) emend. Potonié and Kremp (30) 


Microreticulatisporites microtuberosus (Loose) Pot. and Kremp (31)—-Se;—PI. 
II, Figs. 44 and 45 
Similar forms: Reticulati-sporites microtuberosus Loose, 1934 
Microreticulati-sporites lacunosus (Ibr.) Knox (15) 

All previously identified forms of Microreticulatisporites have been from the 
Carboniferous. The discovery of specimens identical with M. sifati in an 
Upper Cretaceous deposit suggests a long geological range for plants bearing 
Microreticulatisporites spores (see Radforth and Rouse (35)). 

Knox (15) has indicated an affiliation of Microreticulatisporites to the 
Noeggerathiales. 


cf. Cyclogranisporites leopoldi (iKremp) Pot., and Kremp III, 
Fig. 53 
The descriptions and photographs of Cyclogranisporites leopoldi given by 
Potonié and Kremp apply to Sz. specimens obtained from one sample of 
Lethbridge roof-shales. The affiliation of this spore is unknown. 


cf. Dictyotriletes densoreticulatus Potonié and Kremp (31)—-V;;—PI. III, Fig. 
75 
Specimens of V;3 occurring in Lethbridge samples are very similar to those 
of D. densoreticulatus from Carboniferous horizons. The trilete scar is very 
weakly developed in the Oldman specimens. 


~-V,;—PI. III, Fig. 78 
Form \V;; is generally similar to Raistrickia, although the ornamentation is 
more reticulate than setaceous. 


The specimen shown in PI. III, Fig. 78, was the only example found in the 
Lethbridge samples. 


Gymnospermae 
CYCADALES 
CYCADACEAE 
Genus Cycadopites Wodehouse (57) 
Cycadopites follicularis Wilson and Webster (56)—-L;—PI. II, Fig. 1 


CYCADALES—INCERTAE SEDIS 
—Ly—PI. II, Fig. 4 
Form L), is morphologically similar to Cycadopites follicularis. However, 


no distinct median furrow has been observed on specimens studied, and the 
affiliation of this microfossil is uncertain. 
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GINKGOALES 


Genus Ginkgo Kampf. 

*Ginkgo labiapollenites sp. nov.—Li—PI. II, Figs. 2 and 3 

Oval to elliptical in shape. Single longitudinal furrow or slit with well 
developed lips or lists which are frequently overlapped. Exine levigate and 
moderately thick. Size range 34-40 wm. 

Type specimen: PI. II, Fig. 3. Mec. U.P. C. Slide Leth. No. 8, 1:3 (ii) 

Similar forms: Ginkgo subminor Naumova. In Bolkhovitina (2) 

Pollens of Ginkgo spp. Wodehouse (58) 


Coniferales 
TAXODIACEAE 
Genus Jaxodium Rich. 


Taxodium hiatipites Wodehouse (57)—P;-—PI. II, Figs. 25 and 26 

Similar forms: Pollenites hiatus R. Potonié (23) 
Typ. Cupressineae 28 uw. Kostyniuk (17) 
cf. Taxodium, Thiergart (48) 
Taxodieen-typ. (P. hiatus R. Pot.), Thiergart (49) 
Taxodioidites hiatus Potonié, Thomson, and Thiergart (29) 
Taxodioidites hiatus, Hunger (10) 
Inaperturopollenites hiatus (R. Pot.) Thomson and Pflug (51) 
Thuyopsis coriaceous (Naumova) Bolkhovitina (2) 


Oldman microfossils 

Fic. 1. Cycadopites follicularts Wilson and W ebster —L;—30 pw 

Fics. 2 and 3. Ginkgo labiapollenites sp. nov.—Lyy—35 and 

Fic. 4. Cycadaceous pollen ?—Li—25 yp. 

Fics. 5 and 6. Laevigato-sporites?—Me;—53 and 47 

Fic. 7. Sporonites montanensis Miner—M>,—34 wy. 

Fics. 8 and 9. Aqutlapollenites quadrilobus sp. nov.—N2—48 and 48 

Fics. 10 and 16. Pinus tuberculipites Wodehouse——N,;——65 and 67 wp. 

Fics. 11 and 12. Picea grandivescipites Wodehouse—Ns—93 and 118 

Fic. 13. Podocarpidites biformis sp. nov.—N 

Fics. 14 and 15. Aquilapollenites trialatus sp. nov.—N and 83 wp. 

Fics. 17 and 18. Laevigato-sporites albertensis sp. nov.—-O,—38 and 32 wu. 

Fics. 19 and 20. Laevigato-sporites ovatus Wilson and Webster—O,—54 and 47 yp 

Fics. 21 and 22. Laevigatosporites discordatus Thomson and Pfluz—O;—59 and 66 yp. 

Fics. 23 and 24. Uncertain affiliation—Pjy—74 and 51 

Fics. 25 and 26. Taxodium hiatipites Wodehouse—P;—26 and 33 wu. 

Fic. 27. Heliotropium lobopollenites sp. nov.—Qe;—27 w. 

Fic. 28. Sapindus circularopollenites sp. 

Fics. 29 and 30. Liliacidites variegatus Couper—Q»;—28 and 27 uw. 

Fics. 31 and 32. Corylus punctatipollenites sp. nov.—Qus*-22 and 22 

Fic. 33. Engelhardtia triletipollenites sp. nov.—Qz;—22 

Fic. 34. Angiosperm pollen of uncertain affiliation—Q25—30 

Fic. 35. Angiosperm pollen—Rhamnaceae ?—Q3;—30 

Fic. 36. Gletchenia concavtsporites sp. nov.—S3)—37 

Fic. 37. Angiosperm pollen of uncertain affiliation Qss 28 u 

Fics. 38 and 39. Cicatricosi-sporites dorogensis Potonié and Gelletic h—S,—68 and 51 yw. 

Fics. 40 and 41. Sphagnum antiquasporites Wilson and Webster--S,—22 and 29 pu. 

Fics. 42 and 43. Deltoidospora diaphana Wilson and Webster—Sj.—44 and 42 uw 

Fics. 44 and 45. Microreticulatis porites microtuberosus (Loose) Potonié and Kremp— 
So—-78 and 84 

Fics. 46 and 47. Stenozonotriletes simplex Naumova Sxo—30 and 31 pw. 

Fic. 48.  Gleichenia concavisporites sp. nov.—S3)—33 
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Taxodium hiatipites is very common throughout the Tertiary of North 
America and Europe, and is also present in the Upper Cretaceous. Pollens of 
Cupressus spp. are very similar to those of Taxodium, and are difficult to 
separate on a morphological basis. 


PODOCARPACEAE 
Genus Podocarpidites Cookson (3) 


*Podocarpidites biformis sp. nov.—N2—PI. II, Fig. 13 

Bilaterally symmetrical. Two kidney-shaped bladders opposed on opposite 
sides of a smaller circular body. Ornamentation densely and coarsely 
reticulate; the body having a more dense reticulation than the bladders. 
Over-all length 75-90 uw. Diameter of body (type specimen), 40 pw. 

Type specimen: PI. II, Fig. 13. Me. U. P. C. Slide Leth. No. 8, 1:1 (iii) 

Similar forms: Podocarpus sp. Simpson (44) 

Alisporites sp. Daugherty 1941 

Pityosporites sp. Virkki 1945 

cf. Podocarpus L’Her. Rogalska 1954 

N;—cf. Podocarpus sp. Radforth and Rouse (34) 

The presence of bladdered pollens affiliated with Podocarpus from Mesozoic 
and Tertiary deposits in the Northern Hemisphere has been indicated by 
several authors. This is noteworthy, as members of the Podocarpaceae are 
now confined to central and southern continental regions. 


PINACEAE 
Genus Pinus L. 


Pinus tuberculipites Wodehouse (57)—Ni;—PI. I, Figs. 10 and 16 

Specimens of this pollen are identical with those from the Green River 
shales as described by Wodehouse, and very similar to pollen grains of some 
modern species of Pinus. 


Oldman microfossils 

Fic. 49. Gleichenia concavisporites sp. nov.—S3—38 

Fics. 50-52. Lycopodium papillaesporites sp. nov.—S3,—47, 39, 42 uw. 

Fic. 53. cf. Cyclogranisporites leopoldi (Kremp) Potonié and Kremp—S;.—29 

Fics. 54-56. Hymenophyllumsporites deltoida sp. nov.—S3;—81, 78, 71 wu. 

Fics. 57 and 58. Osmunda-sporites primarius Wolff—Ts and T;—44 and 53 uy. 

Fics. 59 and 60. Osmunda-sporites elongatus sp. nov.—T,—61 _ 89 yw. 

Fic. 61. Uncertain affiliation. Fungal or bryophytic—T »—31 

Fics. 62 and 63. Tricolpopollenites liblarensis (Thomson) ‘Sines and Pfluy—U.— 
22 and 29 pw. 

Fic. 64. Elytranthe striatus Couper—Us—28 up. 

Fics. 65 and 66. Trifossapollenites ellipticus sp. nov.—U;—39 and 42 yu. 

Fics. 67 and 68. Castanea minutapollenites sp. nov.—Us—23 and 17 p. 

Fic. 69. Tricolpate angiosperm pollen—U,,—27 

Fic. 70. Polypodiaceae-sporites favus (Potonié) Thiergart—V 1—36 

Fics. 71 and 72. Polypodiaceae-sporites favus (Potonié) Thiergart 348 and 54 

Fics. 73 and 74. Lycopodium vermiculaesporites sp. nov.—V7—37 and 36 yw. 

Fic. 75. Polypodiaceous spore ?>—Vs—39 yu. 

Fic. 76. Polypodiaceae-sporites alienus (Potonié) Thiergart—V»—44 uy. 

Fic. 77. cf. Dictyotriletes densoreticulatus Potonié and Kremp—Vi;—33 

Fic. 78. Uncertain affiliation—Vi;—51 
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Genus Picea Dietr. 


Picea grandivescipites Wodehouse (57)—Nis—PI. II, Figs. 11 and 12 
Similar forms: Picea grandivescipites, Wilson and Webster (56) 
In morphology, this pollen is very similar to modern grains of Picea glauca. 


Angiospermae 
BoRRAGINACEAE 
Genus Heliotropium L. 


*Heliotropium lobopollenites sp. nov.—Qe;—PI. II, Fig. 27 
Six colpate, three of the colpae extending further toward the centrum than 
the other three. Six lobes corresponding to the regions between colpae. 
Levigate and translucent. Size range 25-32 yw. 
Type specimen: PI. III, Fig. 27. Mc. U. P.C. Slide Leth. No. 8, 1:1 (iii) 
Similar forms: Conidia of Helicosporium sp. (fungus), Pot. and Ven. (28) 
Pollen of Heliotropium anomalum, Selling (42) 
Pollen of Gallium boreale and G. sexatile, Jonas (12) 
Specimens of Heliotropium lobopollenites are identical with pollen grains 
from Heliotropium anomalum Hook. et Arn. as described and figured by 
Selling (42) from specimens of the Hawaiian Islands. 


SAPINDACEAE 
Genus Sapindus L. 


*Sapindus circularopollenites sp. nov.—Qe;—PI. II, Fig. 28 

Tricolpate, the colpae extending two-thirds the distance to the centrum, and 
the three lobes convex. A circular ring circumscribes the centrum and 
touches the colpae. Ornamentation weakly punctate. Size range 21-23 yp. 

Similar forms: Pollen of Sapindus saponaria var. Thurstonii, Selling (42) 

Pollen of Alectryon macrococcus, Selling (42) 

Two specimens were encountered. Although the pollen grains of Sapindus 
circularopollenites are not conspecific with S. saponaria, they are sufficiently 
similar to incorporate within the genus. 


LILIACEAE 
Genus Liliacidites Couper (5) 
Liliacidites variegatus Couper (5)—-Qe;—PI. II, Figs. 29 and 30 
Specimens identified from the Lethbridge shales are identical with 

Jaliacidites variegatus, as described by Couper as occurring in horizons from 
Upper Cretaceous to Eocene inage. The size range of L. variegatus is 26-36 mu. 

BETULACEAE 

Genus Corylus L. 

*Corylus punctatipollenites sp. nov.—Qee—PI. II, Figs. 31 and 32 


Triporate, with the pores appearing as notches in the exine, and weakly 
lipped. Sides convex. Ornamentation punctate. Size range 21-23 w. 
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Type specimen: PI. II, Fig. 31. Mec. U.P.C. Slide Leth. No. 8, 1:3 (iv) 
Similar forms: Eocene pollens related to Corylus, Ostrya, or Myrica, 
Kirchheimer (13) 
Corylus sp. Simpson (44) 
Momipites coryloides Wodehouse (57) 
M. coryloides, Wilson and Webster (56) 
Coryloidites (Pliocene) Pot. Thoms. and Thiergart (29) 
Corylus, Potonié, Thomson, and Thiergart (29) 
Pollen of Corylus avellana, Jonas (12) (postglacial) 
The morphology of Qe is sufficiently similar to modern Corylus pollens to 
warrant inclusion within the new fossil species C. punctatipollenites. 
Low frequencies of Qos were recorded in two of the eight samples studied. 


Genus Engelhardtia Leschin. 
*Engelhardtia triletipoilenites sp. nov.—Q.;—PI. II, Fig. 33 
Subtriangular in shape. ‘Triporate, with the pores unlipped or only weakly 
lipped. Wall margins straight or slightly convex. A triradiate tetrad scar 
is generally present on the proximal face. Ornamentation levigate. Size 
range 20-23 wy. 
Type specimen: PI. II, Fig. 33. Me. U. P. C. Slide Leth. No. 8, 1:3 (iv) 
Similar forms: Pollenites levis R. Potonié (23, 24, 25), Thiergart (47) 
Engelhardtioidites microcoryphaeus R. Pot., Thoms., and 
Thiergart (29) 
cf. Engelhardtia pollen, Thomson (50) 
Engelhardtia colebrookiana Traverse (52) 
The morphology of Qe; is identical with that described and figured for 
pollens of Engelhardtia by the above investigators. A noteworthy feature is 
the triradiate scar which is generally present. 


LORANTHACEAE 
Genus Elytranthe Blume 


Elytranthe striatus Couper (5)—-Us—PI. II], Fig. 64 
Similar forms: Pollen of Korthalsella latissima, Selling (42) 
U; pollen designate, Radforth and Rouse (34) 

The three specimens recorded in sample 8-1:6 are identical with Couper’s 
description and figure of Elytranthe striatus from Tertiary deposits of New 
Zealand. Elytranthe is a genus unrepresented in the modern flora of North 
America. Phoradendron and Arceuthobium are the only extant genera of the 
Loranthaceae in the United States and Canada. 


FAGACEAE 
Genus Castanea Mill. 


*Castanea minutapollenites sp. nov..-Us—-PI. II], Figs. 67 and 68 
Oval to elliptical in shape. Tricolpate, the three colpae extending the 
length of the body. Ornamentation granulose. Size range 17—24 w. 
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Type specimen: PI. III, Fig. 67. Me. U. P.C. Slide Leth. No. 1:3 (ii) 
Similar forms: Pollenites exactus R. Potonié and Venitz (28) 
Castaneoidites exactus R. Potonié, Thomson and Thiergart 
(29) 
Castanea Vakhrameevit Bolkhovitina (2) 
Bolkhovitina has indicated that Castanea Vakhrameevii is identical with 
pollen of the modern Castanea crenata. 


Angiospermae—Incertae Sedis 
ACERACEAE ? CELASTRACEAE ? 


Tricolpopollenites liblarensis (Thomson) Pflug and Thomson (51)—U.—PI. 
III, Figs. 62 and 63 
Similar forms: Pollenites quisqualis R. Potonié (25) 
Typ. Aceraceae, Kostyniuk (17) 
Pollens of Aceraceae, Erdtman (6) 
Pollen of Acer campestre, Jonas (12) 
Evonymus toguskenensis (Celastraceae), Bolkhovitina (2) 
There seems to be little doubt that U. forms are aceraceous pollens. 
However, other families, e.g. Celastraceae, have similar tricolpate grains, and 
for this reason the familiar or generic affiliation cannot as vet be accurately 
determined. 


Spores and Pollens—Incertae Sedis 


—M,;—PI. II, Figs. 5 and 6 

Circular to elliptical in outline. Monolete? Wall split and gaping, 
forming a hiatus. Ornamentation finely granular to levigate. Wall moderately 
thick. Size range 47-53 yu. 

On the basis of the two specimens encountered, no suggestion can be 
postulated concerning the botanical affiliation of this microfossil. A monolete 
suture appears to be present in the specimen in PI. II, Fig. 6, and it is possible 
that Me; forms are actually monolete spores of the form Laevigato-sporites. 


Genus Sporonites Miner (20) 


Sporonites montanensis Miner (20)—Moe4—PI. II, Fig. 7 
The botanical affiliation of this circular and nondescript spore form is 
unknown. 


*Aquilapollenites gen. nov. 


Bilaterally symmetrical in natural expansion. Two to four winglike 
projections extending from a broadly subrectangular body. Ornamentation of 
body coarsely granular, weakly papillate, or punctate; that of projections 
levigate to finely papillate. Range of length 40-100 yu. 

Type species: Agquilapollenites quadrilobus sp. nov. 
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The form genus -lguilapollenites has been formulated to incorporate two 
pollen forms of unknown botanical affiliation which occur in the Brazeau and 
Oldman formations and appear to be characteristic microfossils of these 
Upper Cretaceous formations. 


* {quilapollenites quadrilobus sp. nov.—N2—PI. II, Figs. 8 and 9 
Bilaterally symmetrical. Two lateral wings emanating from the anterior 
end of a subrectangular body; and an unornamented spirelike flap extending 
dorsally from the body. Ornamentation finely papillate. Size range 45-48 yu. 
Type specimen: Designate Ne, Radforth and Rouse (34), Pl. I, Fig. 14. 
Me. U. P. C. Slide C,-31.  Brazeau formation, Upper 
Cretaceous, Alberta 
Similar forms: Designate By, Radforth and McGregor (32) 
The botanical affiliation of this microfossil is unknown. The presence of 
bladders is suggestive of a relationship to coniferous pollens. However, no 
similar conifer pollens have been reported to the writer’s knowledge. 


* {quilapollenites trialatus sp. nov.—N3s—PI. II, Figs. 14 and 15 

Bilaterally symmetrical. Three levigate and lanceolate projections 
emanating from a common linear suture in the median plane of the body. 
Ornamentation of the body punctate. Size range 60-100 wy. 

Type specimen: PI. II, Fig. 14. Me. U. P.C. Slide Leth. No. 8, 1:5 (ii) 

As in the case of .1. guadrilobus, no relationship of this microfossil to modern 
pollens is known. The ornamentation and projections are suggestive of an 
affinity to angiospermous pollens. 

According to Terasmaé,* the general morphology is somewhat similar to 
that of several pollens of the Dipsacaceae, in which the exine forms air 
bladders (see also Erdtman (8)). 


Qes—PIl. II, Fig. 34 

The botanical affiliation of this triporate pollen is uncertain, although there 
is a morphological similarity to pollens of Salix spp. and Ranunculus spp. 
(Erdtman (8); Jonas (12)). 


Q3;—PI. II, Fig. 35 
Similar forms: Pollen of Rhamnus frangula, Selling (42) 
Paliurus rhamnoides Bolkhovitina (2) 
The morphological similarity of Q3; pollen to those named above indicates 
a close relationship to the Rhamnaceae. 


—Q35 II, Fig. 37 
Two specimens of this triporate pollen were noted. The morphology of 


Q;; is similar to modern pollens of Carya, as figured by Erdtman (6) and 
Jonas (12). 


*Personal communication. Dr. J. Terasmaé, Pleistocene Division, Geological Survey of 
Canada, Ottawa. 
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—Pio—PI. II, Figs. 23 and 24 


The relationship of this microfossil is unknown. The large central furrow 
is a feature in common with some pollens of the Bennettitales. 


Genus 7 rifossapollenites gen. nov. 


Grains elliptical in shape. Three furrows traversing the length of the 
body, often with slightly flaring extremities, and the two lateral furrows 
generally much shorter than the median furrow. Ornamentation levigate. 
Exine moderately thick. Range in length 35-52 uy. 

Type species: T7yrifossapollenites ellipticus sp. nov. 


*Trifossapollenites ellipticus sp. nov.—U;—-PI. III, Figs. 65 and 66 

Oblong to elliptical in shape. Three furrows: the median furrows reaching 
the extremities and flared, the two lateral furrows extending approximately 
two-thirds the length of the body, and slightly flared. The three furrows 
appear to be situated on the same plane of the body in the compressed 
condition. Ornamentation levigate or faintly punctate. Size range 36-44 yu. 

Type specimen: PI. III, Fig. 65. Me. U. P.C. Slide Leth. No. 1:3 (ii). 

No modern or fossil counterparts of 7°. ellipticus are known to exist. Certain 
tricolpate pollens, e.g. cer spp., and several pollens of the Labiatae have a 
slightly similar morphology to 7. ellipticus. 


—U,,—PI. III, Fig. 69 
Similar form: Us; cf. Pollenites laesus, Radforth and Rouse (34) 
The relationship of this tricolporate pollen is unknown. 


—V,;—PI. III, Fig. 77 

Similar form: Monosulcites palisadus Couper (5) 

In describing this species of Upper Cretaceous pollen, Couper has indicated 
a relationship to pollen of .lscarina lucida (Chloranthaceae). 


The size range of Vi; (31-33 yw) is smaller than that of MJonosulcites palisadus 
(35-44 


Discussion 


Within the two Upper Cretaceous assemblages examined, 69 distinct micro- 
fossil types are recognizable. Of this number, 65 are identifiable as spores 
and pollens, and the others are microfossils of unknown affiliation. Of the 
spores and pollens, four new genera and 21 new species have been named and 
described. Two of the genera have been named to indicate natural relation- 
ships, and two have been constructed as artificial genera of pollen. 

' A comparison of the two microfloras with the assemblage reported by 
Radforth and Rouse (34) discloses that 15 microfossils are common to the 
Oldman and Brazeau, six to the Comox and Brazeau, and 10 to the Comox 
and Oldman. There appears to be a greater uniformity between the floras 
of the Oldman and the Brazeau formations of the plains region than between 
the flora of the Comox of Vancouver Island and those of the plains formations. 
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Although a more detailed analysis of floral associations is beyond the scope of 
this account, the above comparison exemplifies how the identification of 
microfossils and the examination of conspecti are potentially applicable to 
determinations of floral relationships, migration of floras, palaeoecology, and 
stratigraphic correlation. 

The new system of nomenclature which has been proposed appears to be 
completely applicable to spores and pollens from the Upper Cretaceous. The 
fact that the system can provide efficiently both for the nomenclature of 
microfossils which show relationships to natural taxa, and for those of unknown 
affiliation, suggests that it can be widely applied to microfossils of other 
geological ages. This contention is supported by the successful treatment of 
both categories of microfossils which were considered in the foregoing 
descriptions. 

The immediate objective of the new proposal is to provide direction and 
continuity for the nomenclature of plant microfossils which are being 
discovered in ever-increasing numbers from Canadian strata of various ages. 
At the same time, however, it is hoped that the system will also contribute 
toward the future development of a universally acceptable nomenclature 
based on international agreement. Such a development appears to be the 
only satisfactory manner in which orderliness will supplant the existing 
nomenclatural confusion. 

The effectiveness of the present system in providing for the nomenclature 
of numerous Upper Cretaceous microfossils suggests that equal success will be 
realized when the system is applied to microfossils from other geological 
horizons. Such an extension will doubtlessly contribute greatly to our 
knowledge of past floras, and enhance the application of plant microfossils to 
many palaeobotanical and geological problems. 
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RESULTS OF INTERFERTILITY TESTS ON SOME 
SPECIES OF HYMENOMYCETES'! 


MILDRED K. Nosies,? RutH MACRAE,? AND BARBARA P. TOMLIN? 


Abstract 


Tests on 26 heterothallic species of Hymenomycetes have shown that Lenzites 
abietina (Bull. ex Fr.) Fr., Odontia uda (Fr.) Bres., Peniophora phlebioides 
Jackson & Dearden, Phlebia merismoides Fr., Polyporus galactinus Berk., 
P. resinosus Schrad. ex Fr., Poria albipellucida Baxter, P. cinerascens (Bres.) 
Sace., P. notata Overh., Radulum casearium (Morgan) Llovd, Trametes 
heteromorpha (Fr.) Bres., and T. variiformis Peck have the bipolar type of 
interfertility and that Favolus alveolaris (DC. ex Fr.) Quél., Fomes ellisianus 
And., F. fraxinophilus (Peck) Sacc., Polyporus albellus Peck, P. anceps Peck, 
P. compactus Overh., P. fumosus Pers. ex Fr., P. hirsutus Wulf. ex Fr. (with 
possible exceptions), P. pargamenus Fr., P. pubescens Schum. ex Fr., P. supinus 
Sw. ex Fr., P. volvatus Peck, Poria eupora (Karst.) Cooke, and P. tenuis var. 
pulchella (Schw.) Lowe have the tetrapolar type of interfertility. 


Introduction 


The current interest in the interpretation of interfertility phenomena in the 
fungi in general and in the Hymenomycetes in particular, well illustrated by 
the recent publications by Whitehouse (13), Raper (12), and Burnett (3), 
encourages the publication of any data which may be pertinent. Hence the 
type of polarity is recorded for 26 heterothallic species of Hymenomycetes 
which have been tested at various times at our laboratory. Of these, 22 do 
not appear in the lists compiled by Quintanilha and Pinto-Lopes (11) and 
Whitehouse (13) of species for which the type of interfertility is known 
although this information for some of the species had been published previously 
in Canadian reports (8, 9) which are not readily available. Four species 
included in the lists, Odontia uda (Fr.) Bres., Polyporus anceps Peck, P. hirsutus 
Wulf. ex. Fr., and P. resinosus Schrad. ex Fr., are reported here as having a 
type of interfertility different from that previously described. 

The standard method for determining the type of interfertility has been 
followed. This entails pairing in all possible combinations a series of 
monosporous cultures from one sporophore and examining the resultant 
mycelia, which are composed of hyphae with clamp connections in compatible 
pairings and of hyphae with simple septa in incompatible matings. Those 
pairings in tetrapolar species in which rare clamp connections were formed on 
a few hyphae were interpreted as “‘illegitimate pairings’’ and are so listed. 
In tests made in 1930 and 1931, usually only 10 monosporous cultures were 
used but in later work the series was larger. The results, originally recorded 
in tables, are presented here in the abbreviated form used by Yen (14), Lange 
(5), and others. The conventional symbols for the alleles governing inter- 
fertility, Ayl2 in bipolar species, .1:.12B,B, in tetrapolar species, have been 
used and assigned in an arbitrary manner. 
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Results of Tests 


1. Favolus alveolaris (DC. ex Fr.) Quél. 

DAOM 52159: monosporous cultures isolated from sporophore on Populus 
sp., Dunrobin, Ont., June 3, 1956. 

A,B: 1, 2, 4, 11, 14 AeBe: 9, 12, 13, 15 

AsB,: 3, 5, 7, 10 AoB,: 8 

Illegitimate pairings: X A2B.: 7 K13,9 10 


Favolus alveolaris shows the tetrapolar type of interfertility. 


2. Fomes ellisianus And. 

DAOM_ F7364: monosporous cultures isolated Jan. 21, 1938, from a 
sporophore produced in a tissue culture from a sporophore on Shepherdia 
argentea, Saskatoon, Sask., April 22, 1937. 

1, 5, 8, 12 A2Be: 4, 6, 7,9 

A,By: 2, 10, 14, 15 -12B,: 11, 13 

Fomes ellisianus shows the tetrapolar type of interfertilitv. Nobles (10) 
stated, without recording the experimental data, that F. fraxinophilus (Peck) 
Sacc. and this species, which is considered to be a form of F. fraxinophilus by 
some students, are both heterothallic and of the tetrapolar type of inter- 
fertility but show complete lack of fertility when monosporous mycelia of 
F. fraxinophilus are paired with those of F. e/lisianus. 


3. Fomes fraxinophilus (Peck) Sacc. 

DAOM_ F632: monosporous cultures isolated May 4, 1931, from a 
sporophore produced in polysporous culture from a sporophore on Fraxinus 
americana, Chelsea, Que., July 1, 1926. 

A,B,: 3, 8, 9, 10 A.B 1 

6 AoB,: 4, 5, 12 

Illegitimate pairings: K AeBy: 3 &K 12,8 5 

DAOM_ F1932: monosporous cultures isolated Oct. 2, 1931, from a 
sporophore produced in a culture received from W. Clement Percival, 
Aug. 24, 1931. 

A,B: 1 AoBa: 5 

1,Bz: 2, 3, 8, 9, 10 -1.B,: 4, 6,7 

Fomes fraxinophilus shows the tetrapolar type of interfertility, as reported 
by Nobles (10). 


4. Lenzites abietina (Bull. ex Fr.) Fr. 

DAOM 22561: monosporous cultures isolated 1951, from a sporophore 
produced in a polysporous culture from a sporophore on Picea excelsa, 
Klampenborg, Denmark, April 17, 1950, isolated and submitted by L. Harmsen, 
Institute of Technology, Copenhagen, Denmark. 

A,: 1,2, 4,5 As: 3, 6, 7, 8, 9, 10, 11 


Thus Lenzites abietina shows the bipolar tvpe of interfertility. 
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5. Odontia uda (Fr.) Bres. 

DAOM 17754: monosporous cultures isolated Oct. 31, 1955, from a 
sporophore produced in a polysporous culture from a sporophore on Acer sp., 
Maple, Ont., Oct. 3, 1946, collected H. S. Jackson, identified R. F. Cain 
(TRTC 21302). 


Ay: 1,4, 5,6, 7, 11, Az: 2, 3, 9, 10 
12, 13, 14, 15, 16 


This isolate of Odontia uda is, therefore, heterothallic and of the bipolar 
type of interfertilitv. Brown (2) isolated six monosporous cultures and 
found that all formed hyphae with clamp connections and produced basidia 
and basidiospores. He concluded that O. uda is a homothallic species. 
Dikaryotic cultures of O. uda, like those of Polyporus resinosus, P. galactinus 
Berk., and other species described by Nobles (10), at first produce only simple- 
septate hyphae which, at a distance up to two or three centimeters from the 
margin, give rise to the nodose-septate hyphae that compose the mat. In 
isolating monosporous cultures, the chance inclusion of two basidiospores 
carrying complementary alleles governing interfertility (4; and A») would 
produce a mycelium of simple-septate hyphae at first, indicating origin from a 
single spore, but would finally produce the nodose-septate mycelium that 
would reveal its dikaryotic constitution. The consequences of such an error 
in the study of Polyporus resinosus are discussed under that species. However, 
it is likely that the cultures isolated by Brown were, in fact, monokaryotic and 
hence it must be assumed that some isolates of Odontia uda are homothallic, 
some heterothallic and bipolar. 


6. Peniophora phlebioides Jackson & Dearden 

DAOM 52313: monosporous cultures isolated Oct. 17, 1955, from a 
sporophore produced in a culture isolated from blue stain in Pinus strobus 
and submitted from the Forest Pathology Laboratory, Maple, Ont., Feb. 19, 
1954. Identified M. Kk. Nobles. 

A: 1, 2, 4, 8, 11, 12, 13, 15 Az: 3, 5, 6, 7, 9, 10, 14, 16 

Peniophora phiebioides is heterothallic and bipolar. 


7. Phlebia merismoides Fr. 
DAOM 22793: monosporous cultures isolated Oct. 31, 1955, from a 
sporophore produced in a polysporous culture from a sporophore on Acer sp., 
Bell’s Corners, Ont., Sept. 15, 1949. 
Ay: 1, 4, 5, 10, 12, 14, 16 As: 3, 3,6, 7, 8, 9, 11, 13, 15 
DAOM 52309: monosporous cultures isolated from sporophore on Populus 
sp., Gatineau Park near Old Chelsea, Que., Oct. 17, 1956. 
Ai: 1, 6, 16 Ao: a, 3, 4, 3, es 8, 10, 
12,33, 44,15 


Phlebia merismoides shows the bipolar type of interfertility. 
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8. Polyporus albellus Peck 
DAOM F6850: monosporous cultures isolated Jan. 10, 1938, from a 


sporophore produced in a tissue culture from a sporophore on Betula lutea, 
Burnet, Que., Sept. 7, 1936. 


A,B: 1, 6, 10 AoBz: 2, 3, 4, 5, 11 
12. 13 AoB,: 9 


Polyporus albellus is tetrapolar. 


9. Polyporus anceps Peck 

DAOM F640: monosporous cultures isolated from a sporophore produced 
in a tissue culture (Madison 546), received from C. W. Fritz, Forest Products 
Laboratory, Ottawa, July 6, 1926. 


A,B: 1, 10, 11, 12 A»By: 3, 8, 15 
A,B:: 13, 18 A2B,: 14 
Illegitimate pairings: 18 15 


DAOM F1108: monosporous cultures isolated Dec. 4, 1930, from a 
sporophore produced in a culture isolated from decay in Pinus ponderosa, 
Northport, Wash., and identified by comparison of cultures and interfertility 
tests. 


A,B,: 1, 5, 6 AoBz: 3, 4, 7, 8 
A,B: not represented AoB,: 9, 10 
Illegitimate pairings: 4,B, XK 5 K 10,6 9 


DAOM 52172: monosporous cultures isolated May, 1956, from a 
sporophore produced in a culture isolated from decay in Pinus contorta, 
Strachan, Alta., identified by comparison of cultures and interfertility tests. 


A,B: 8, 9, 12, 14, 15 AoBs: 6, 18 
A,B: 3, 4, 10 AoB,: 13, 16, 17, 19 


Polyporus anceps shows the tetrapolar type of interfertility. Mounce (7) 
stated that ‘‘A series of all possible pairings showed that this fungus is 
heterothallic and bisexual’’ and this result was quoted by Quintanilha and 
Pinto-Lopes (11). The tables for F640 and F1108 on which Mounce based 
her conclusions are difficult to interpret. In the first test on F640, nine 
monosporous cultures fell into two interfertile groups and a third group 
incompatible with both. Subsequently two cultures from each of the inter- 
fertile groups were paired with six additional cultures which were also paired 
among themselves in all possible combinations. The resulting composite 
table was interpreted as a bipolar one in which certain theoretically compatible 
pairings failed or resulted in the production of a few hyphae with rare clamp 
connections in what would now be described as illegitimate matings. Compar- 
able results were obtained for F1108 when the pairing of 10 monosporous 
cultures gave a bipolar table with some irregularities. After the regular 
tetrapolar table was obtained by pairing 19 monosporous cultures of 52172, 
the earlier tables were re-examined and found to conform to the tetrapolar 
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scheme also, although the fourth group was represented by only one culture in 
F640 and by a mixed culture in F1108. Hence it is concluded that P. anceps 
shows the tetrapolar type of interfertility. 


10. Polyporus compactus Overh. 

DAOM F7525: monosporous cultures isolated Nov. 13, 1937, from a 
sporophore produced in a tissue culture from a sporophore on Quercus rubra, 
Forest Experiment Station, Petawawa, Ont., Aug. 13, 1937. 


A,B;: 1, 2, 10 AoBz: 3, 4, 5, 6, 8 
7 AoB,: 9 


Mounce, Macrae, and Nobles (9) stated that Polyporus compactus is 
heterothallic and tetrapolar but the information is not included in recent 
reviews and is therefore repeated here. 


11. Polyporus fumosus Pers. ex Fr. 


DAOM F1645: monosporous cultures isolated from a sporophore on U/mus 
americana, Ottawa, Nov. 23, 1930. Identified by L. O. Overholts. 


A;Bz: 4, 9 AoB,: 6, 8 


Polyporus fumosus shows the tetrapolar type of interfertility, as previously 
reported by Mounce (8). 


12. Polyporus galactinus Berk. 

DAOM F3493: monosporous cultures isolated Oct. 17, 1955, from a 
sporophore produced in a tissue culture from a sporophore on Populus sp., 
Burnet, Que., Aug. 2, 1933. 

Ay: 1, 3, 4, 5, 8, 9, 15 Ae: 2, 6, 7, 10, 11, 12, 13, 14 

Polyporus galactinus is heterothallic and bipolar. 


13. Polyporus hirsutus Wulf. ex Fr. 

The bipolar type of interfertility was recorded for this species by Bose (1) 
and was listed in the reviews of Quintanilha and Pinto-Lopes (11) and 
Whitehouse (13). The bipolarity of P. hirsutus and the tetrapolarity of the 
“taxonomically closely related’’ P. versicolor were discussed by Burnett (3) in 
his attempt to explain ‘‘aversion phenomena”’ in these species. On the other 
hand, Kimura (4) reported P. hirsutus to be tetrapolar, and the data to be 
presented confirm this, although they are difficult to interpret in some tests. 


DAOM F741: monosporous cultures isolated May 5, 1931, from a 
sporophore produced in a tissue culture from a sporophore on Tilia americana, 
Ottawa, Ont., July 30, 1927. 


5, 7, 8, 9, 12, 14 13 
A;B,: 10, 11 A2B,: not represented 
Illegitimate pairings: 4,;B, K 11 X 13 


U 
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DAOM._ F1303: monosporous cultures isolated Jan. 26, 1930, from a 
sporophore produced in a tissue culture from a sporophore on Juglans cinerea, 
Cedarville, N.Y., isolated and submitted by O. C. Anderson. 

1 ABs: 3; 4, 9, 10 

A;Bs: 6, AoB: 8 

DAOM F1312: monosporous cultures isolated May 13, 1930, from a 
sporophore, Ottawa, 1929. 

1,3, A.B: 2, 4, 5,9 

A,Bz: 8 .12B,: not represented 

DAOM  F1313: monosporous cultures isolated May 13, 1930, from a 
sporophore, Ottawa, 1929. 

A,B: AoBs: 4, 

A;Be: 3,5 A.B,: not represented 

DAOM F1587: monosporous cultures isolated from a sporophore on Fagus 
grandifolia, Gilmour’s Grove, near Chelsea, Que., Oct. 10, 1930. 

A,B: 5, 6 AoB»: 2 

A,Bs: 3 AoB,: 4 

DAOM F1669: monosporous cultures isolated from a sporophore received 
from S. R. Bose, Calcutta, India, Dec. 29, 1930. 

4, 6, 8, 15 3, 10, 14 

Illegitimate pairings: 4;B,; X 13 X 10 

DAOM F1670: monosporous cultures isolated Feb. 5, 1931, from a 
sporophore produced in a culture isolated and submitted by S. R. Bose, 
Calcutta, India. 

A: 1, 6, 7, 10 Az: 2, 3, 4,5, 8, 9 

DAOM F2377: monosporous cultures isolated from a sporophore on Acer 
sp., Eagle Depot, Gracefield, Que., Aug. 24, 1932. 

A,: 1, 2, 3, 4, 6, 7,8 As: 5,9, 10 

DAOM 21158: monosporous cultures isolated April 22, 1953, from a 
sporophore produced in a polysporous culture from a sporophore on Thuja 
occidentalis, Wilno, Ont., July 24, 1948 (identification confirmed by inter- 
fertility tests). 

A,B: 1, 3, 10, 14 A.B,: 8, 11, 16, 19 


A,Bz: 2, 5, 6, 12 A.B,: 13, 15, 18, 20 

As the results show, seven of the nine isolates gave tetrapolar tables, 
although only three groups were represented among the monosporous cultures 
available for three of the isolates. One of the tetrapolar isolates, F1669, was 
sent from India by Dr. Bose. On the other hand, two isolates, F1670 sent 
from India by Dr. Bose and F2377 isolated from a sporophore collected in 
Quebec, gave apparently bipolar tables. Only 10 monosporous cultures were 
paired for each of these and it is possible that only two out of a possible four 
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groups were represented. In support of this suggestion, it may be noted that 
in the tetrapolar tables the number of spores belonging to each group varies 
greatly. In F1312, for example, one group is not represented and a second is 
represented by only one spore. Hence it is possible that F1670 and F2377 
would have given tetrapolar tables had more monosporous cultures been 
used. Unfortunately these isolates have been discarded from the culture 
collection so that it is impossible to verify the results. 

At this time, therefore, it can only be stated that most isolates of Polyporus 
hirsutus show the tetrapolar type of interfertility but that certain isolates 
seem to be bipolar. 


14. Polyporus pargamenus Fr. 

DAOM F706: monosporous cultures isolated from a sporophore on Betula 
sp., York county, N.B., Nov. 10, 1926. 

A,B: 6, 9 7 

A,Bz: 2; 4, 3; 8, 10 AoB: 3 

DAOM F3282: monosporous cultures from a sporophore on Populus 
tremuloides, Constance Bay, Ont., May 17, 1933. 

A,B: 5 8, 9 

A,Bs: 4, 6, 10 AoB: 3 

Illegitimate pairings: 4,;B,; K 1 X 3 

A,B, 10 x 9 

DAOM F5212: monosporous cultures from sporophore on Populus sp., 
Constance Bay, Ont., May 9, 1935. 

A,B,: 3, 5, 7, 9, 15, 17, 19, 20 AoB:: 1, 2, 8 

A, Bs: 4, 6, 10, 14, 16 AoB,: 11, 12, 13, 18 

Illegitimate pairings: 4;B,; A2Bi: 9 X 13 

DAOM F5885: monosporous cultures from sporophore on Betula sp., 
Chelsea, Que., Nov. 1, 1935. 

A,B: 2, 12, 17 AoB:: 1, 3, 5, 15, 19 

A,B: 4, 10, 16 A.B: 7, 11, 14 

These data, showing that Polyporus pargamenus is heterothallic and 
tetrapolar, were presented in a thesis by Macrae (6). Since this reference is 
not readily available, the results are repeated here. 


15. Polyporus pubescens Schum. ex Fr. 


DAOM F1652: monosporous cultures from sporophore on Alnus sp., Lake 
Silkworth, Pa., Oct. 17, 1930. 

A,B: i. 5 4, 9 

A,B,: 2 A2B,: 6, 7, 8, 10 

DAOM F2067: monosporous cultures from sporophore on Fagus grandifolia, 
Farmer's Rapids, Que., Sept. 18, 1931. 

A,B: 3, 7, 9, 10 5, 6, 8 

A,Be: 1, 2, 4 A2B,: not represented 

Polyporus pubescens shows the tetrapolar type of interfertility. 
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16. Polyporus resinosus Schrad. ex Fr. 

Mounce (7) wrote that “Spores [of Polyporus resinosus| were obtained from 
a culture made from the context of a sporophore which grew on birch. Eight 
monosporous mycelia were isolated, and two weeks later, the mycelium in 
each culture bore numerous clamp-connections. The species is, therefore, 
considered to be a homothallic one’. On this authority, P. resinosus was 
listed by Quintanilha and Pinto-Lopes (11) as homothallic. Later the original 
culture and each of the eight supposedly monosporous cultures of F686 
produced sporophores from which monosporous cultures were isolated. All 
these single spore cultures had simple-septate hyphae, indicating that the 
species was heterothallic and proving that each of the eight cultures originally 
isolated had arisen from at least two spores carrying complementary alleles. 
Under Odontia uda, it was stated that certain species, including Polyporus 
resinosus, produce only simple-septate hyphae in dikaryotic culture until the 
colony has reached a certain stage of maturity. Hence the inclusion of more 
than one spore when attempting to isolate single spore cultures would only be 
recognized when the cultures had reached a considerable size. In the case of 
F686 this led to the erroneous conclusion that the fungus is homothallic. 


DAOM F686: monosporous cultures isolated March 28, 1933, from a 
sporophore produced in a tissue culture from a sporophore on Betula sp., 
Ottawa, Oct. 4, 1926. 


A,: 1, 3, 6, 10 Ay: 2, 4, 3, 7,2,9 

DAOM F1600: monosporous cultures isolated from a sporophore on log, 
Chelsea, Que., Oct. 13, 1930. 

A,: 1, 3, 4,5, 9, 10 Az: 2, 6, 7, 8 


DAOM F1646: monosporous cultures isolated from a sporophore on Ulmus 
glabra, Ottawa, Ont., Nov. 25, 1930. 


1,3, 5,6, 7,9 Az: 2, 4, 8 

DAOM F1967: monosporous cultures isolated from a sporophore on Fagus 
grandifolia, Farmer’s Rapids, Que., Sept. 25, 1931. 


Polyporus resinosus is, therefore, heterothallic and bipolar. 


17. Polyporus supinus Sw. ex Fr. 

DAOM F2047: monosporous cultures isolated Oct. 28, 1931, from a 
sporophore produced in a culture received from L. O. Overholts (50250), 
Oct. 20, 1931. 

A,B: 1, 10 A2B2: 2, 3, 4, 5, 6 

8, 9 A2B,: 7 

Thus Polyporus supinus shows the tetrapolar type of interfertility. 
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18. Polyporus volvatus Peck 

DAOM F737: monosporous cultures isolated from a sporophore on 
Pseudotsuga taxifolia, Monte Creek, B.C., June 15, 1927. 

A,B,: 4, 9, 10, 12, 14, 19, 23 A2B: 7, 15, 18, 20, 22, 24 

A;Bz: 6 AoB: 8, ti. 13 


DAOM F3223: monosporous cultures isolated from a sporophore, Falkland, 
B.C., April 3, 1933. 


A,B: i, 8, 9 AcBo: 4, 5 
A;Bs: 6, 10 AoB,: 7 


Polyporus volvatus is heterothallic and tetrapolar as reported by Mounce (8) 
on the basis of the data given above. 


19. Poria albipellucida Baxter 


DAOM 17902: monosporous cultures isolated from a sporophore produced 
in a culture from decay in Pseudotsuga taxifolia, Sproat Lake, Vancouver 
Island, B.C., 1947 (identification confirmed by interfertility tests). 

A: 1, 5, 7, 8, 10, 14, 17, 18 Ag: 2, 4, 9, 11, 13, 15, 16, 19, 20 

Poria albipellucida shows the bipolar type of interfertility. 


20. Poria cinerascens (Bres.) Sacc. 


DAOM 21421: monosporous cultures isolated from a sporophore produced 
in a polysporous culture from a sporophore on Pinus sp., New York State, 
collected and identified J. L. Lowe (3270), isolated and submitted by R. W. 
Davidson, March 15, 1949. 


Ay: 1, Az: 3, 4, 5, 8, 9, 10 
15, 16, 17, 19 13, 14, 20 
Poria cinerascens is heterothallic and bipolar. 


21. Poria eupora (Karst.) Cooke 

DAOM 52307: monosporous cultures isolated from a sporophore on Populus 
sp., Gatineau Park near Old Chelsea, Que., Oct. 17, 1956. 

1, 2, 7, 13 5, 8, 12 

A,B: 3, 10 AoB,: 6, 9, 11, 14, 15 

Poria eupora shows the tetrapolar type of interfertility. 


22. Poria notata Overh. 


DAOM 21183: monosporous cultures isolated June 1950, from a 
sporophore produced in a polysporous culture from a sporophore on a conifer, 
Huntington Forest at Newcomb, N.Y., collected and identified J. L. Lowe 
(3292), Aug. 5, 1948, isolated and submitted by R. W. Davidson, March 15, 
1949. 


Ay: 1, 2, 5, 6, 7, 12, 14, 15 Az: 3, 4, 8, 9, 10, 13, 16 
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DAOM 21398: monosporous cultures isolated from a sporophore produced 
in a culture from white rot accompanied by a sporophore on hardwood, New 
York State, collected and identified J. L. Lowe (3385), isolated and submitted 
by R. W. Davidson, March 10, 1949. 

Az: 3, 6, 10, 14, 16, 18 

12, 13, 15, 17, 19 

Poria notata is bipolar. 


23. Poria tenuis var. pulchella (Schw.) Lowe 

DAOM 21428: monosporous cultures isolated from a sporophore produced 
in a culture from white rot associated with a sporophore on Quercus sp., New 
York State, collected and identified J. L. Lowe (3407), isolated and submitted 
by R. W. Davidson, March 15, 1949. 

6, 14, 16, 18 

A,Bz: 7, 10, 12, 13, 15, 19 A.B;: 4, 8,9, 11 

Illegitimate pairings numerous in combinatiuns between 4B, and 2B, and 
between A2Bz and 

Poria tenuis var. pulchella shows the tetrapolar type of interfertility. 


24. Radulum casearium (Morgan) Lloyd 
DAOM 22317: monosporous cultures isolated June 1950, from a 
sporophore produced in a culture from a stain in Populus tremuloides, Doré 
Lake, Sask., isolated and submitted C. G. Riley, Jan. 23, 1950. 
A: 2, 4, 5, 6, 7, 8, 9, Az: 3, 10 
24,12; 13,44 
Radulum casearium is bipolar. 


25. Trametes heteromorpha (Fr.) Bres. 

DAOM F1977: monosporous cultures isolated from a sporophore on A dies 
balsamea, Parent, Que., Aug. 25, 1931. 

A,: 1, 4, 7, 8,9 Ag: 2, 3, 5, 6, 10 

These data were the basis for the report of Mounce (8) that Trametes 
heteromorpha is heterothallic and bipolar. . 


26. Trametes variiformis Peck 


DAOM F1946: monosporous cultures isolated from a sporophore on Pinus 
banksiana, Clova, Que., June 22, 1932. 


A,: 2, 4, 7, 8, 10 Az: 3, 5, 6,9 
Trametes varitformis is heterothallic and bipolar, as reported by Mounce (8). 
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THE PHYSIOLOGY OF HOST-PARASITE RELATIONS 


III. THE PATTERN OF RESPIRATION IN RUSTED AND 
MILDEWED CEREAL LEAVES! 


MICHAEL SHAW AND D. J. SAMBORSKI? 


Abstract 


The first leaves of resistant (Khapli) and susceptible (Little Club) species of 
wheat were heavily inoculated with stem rust (Race 15B). After infection, 
oxygen consumption per unit dry weight increased two- to three-fold and then 
fell off again. The R.Q. remained close to 1.0 until the respiratory peak was 
reached and then declined to 0.80 to 0.85, at least in Khapli. The INR/OR 
values (approximately 1.2) suggest the operation of a Pasteur effect in uninfected 
tissue. With infected tissue there was little or no increase in NR as oxygen 
uptake rose and the INR/OR values declined steadily to about 0.2 to 0.3. 
The oxygen uptake of rusted, mildewed, and uninfected tissue was stimulated by 
2,4-dinitrophenol. The percentage stimulation was reduced by infection. The 
smallest percentage stimulations were observed, after the respiratory peak had 
been passed, with infected tissue of Khapli, in which chlorosis and other degenera- 
tive changes developed quickly. The actual increases in oxygen uptake obtained 
with 10-° M dinitrophenol were about the same for infected as for uninfected 
tissue, but, in Khapli, fell sharply after the respiratory maximum. Leaf-disks 
were incubated separately with glucose-1-C™, glucose-6-C™, and glucose-UL-C™, 
and the relative activities of the carbon dioxide produced were measured. The 
C./C, ratio showed a significant negative correlation with the oxygen uptake of 
rusted tissue, suggesting that the pentose phosphate pathway is of increased 
importance in infected tissue. The Cs/C,; ratio was also reduced in the host 
tissue at the loci of mildew infections. In short term experiments dinitrophenol 
raised the C./C, ratio. The significance of the results is discussed and it is 
concluded that infection with rust or mildew not only raises the respiration rate 
but alters the pathway of respiration in the host tissue. 


Introduction 


A rise in respiration occurs in the mesophyll of cereal leaves beneath 
infections of Erysiphe graminis (2, 3, 5, 22). Even though there is little 
proliferation of the fungus, infection with rust causes a marked rise in the 
respiration of the leaf of the resistant wheat variety Khapli (27). Other 
evidence that Puccinia graminis stimulates the respiration and metabolism 
of its host is seen in the data presented in Parts I and II (30, 27). Still other 
arguments in support of this conclusion have been marshalled by Farkas and 
Kiraly (13), while Yarwood has shown (37) that when bean rust is killed by 
short exposures to high temperatures the enhanced respiration of the infected 
tissue is not reduced. 

Allen (2) has discussed several factors which might contribute to the rise 
in respiration of infected tissue, including the production of an uncoupling 
agent which either prevents the formation of adenosine triphosphate or 
promotes its destruction and thus releases respiration from its dependency on 
rate-limiting phosphorylations involving this substance. Sempio (29) found 
that the ratio of anaerobic to aerobic production of carbon dioxide fell as 

1Manuscript received February 11, 1957. 
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oxygen uptake rose in mildew-infected wheat leaves. Assuming an alcoholic 
fermentation, Allen (2) considered that Sempio’s results indicated the absence 
of a Pasteur effect in infected leaves, as would be expected if uncoupling had 
taken place (see also 26). At the same time Allen pointed out that the period 
of active synthesis, which accompanies the high respiration at infections of 
rust and mildew, was not to be expected if the efficiency of oxidative 
phosphorylations were reduced to zero. When rusted or mildewed leaves are 
fed with radioactive phosphate, sugars, or other compounds, radioactivity 
accumulates at the infections and accumulation can be inhibited by 
‘uncoupling’ concentrations of 2,4-dinitrophenol (30). These observations, 
as well as the occurrence of hypertrophy at infections of some rust fungi (38) 
also speak against the unqualified acceptance of the uncoupling hypothesis for 
obligate parasites. 

Akazawa and Uritani (1) apparently attribute the increase in respiration of 
sweet potato infected with Ceratostomella fimbriata, a facultative parasite, 
partly to increased synthesis, which increases the availability of phosphate 
acceptors (adenosine diphosphate), and partly also, but presumably at a later 
stage in the development of the disease, to the effect of uncoupling agents such 
as ipomeamarone. 

The object of this investigation was to provide data for an evaluation of the 
‘uncoupling hypothesis’ in relation to obligate parasitism, with particular 
reference to rust and mildew on cereal leaves. 


Materials and Methods 


Little Club (rust reaction type 4) and Khapli (rust reaction type 1) wheats 
were iieavily infected with race 15B of stem rust. Two susceptible varieties of 
bariey, Atlas and OAC 21, were infected with powdery mildew. The growing 
conditions, methods of inoculation, and methods of sampling for respiratory 
and other measurements were described in Parts I and II (30, 27). 

All measurements of gas exchange were made with the Warburg apparatus 
at 25 + 0.02°C. in darkness. The flasks were shaken at 100 oscillations per 
minute through a 4cm. path. The leaf samples were floated on phosphate 
(0.05 M) or phthalate (0.01 1) buffer, usually at pH 5.5. 


Carbon dioxide evolution under nitrogen (NR) and oxygen uptake in air 
were measured on separate samples. Duplicate or triplicate flasks were used 
in each case. For anaerobic measurements the alkali normally used in the 
center walls was replaced with buffer and the flasks, while being shaken, were 
flushed with oxygen-free nitrogen, usually for 15 minutes. The taps were 
then closed and readings started after an equilibration period of 10 minutes. 

Inhibitors (dinitrophenol, fluoride) and radioactive glucose were dissolved 
in buffer at the desired pH and added from the sidearms as required. 

The radioactivity of the carbon dioxide evolved in the presence of labelled 
glucose (glucose-1-C', glucose-6-C™', and glucose-UL-C™) was measured as 
follows: Immediately following gas exchange measurements, the contents of 


ad 
§ 
4 
4 
¢ 


SHAW AND SAMBORSKI: HOST-PARASITE RELATIONS. III 391 


the center wells were removed and the carbonate present converted to barium 
carbonate. The precipitate was caught on filter paper or millipore filters 
using a stainless steel filtration apparatus. When dry, the barium carbonate 
plaques were mounted on aluminum disks and counted either with a 
windowless CFIS gas flow counter or with a gas flow counter fitted with a 
micromil window. Counts were made to a standard error of not less than 
2% and were corrected for background and, if necessary, for coincidence losses. 
Since the thickness (mg./cm.*) of the barium carbonate plaques was the same 
for comparable samples of tissue, corrections for self-absorption were not 
necessary for determining the relative contributions of the three radioactive 
glucoses to the carbon dioxide produced. The glucose-1-C™ was kindly given 
to us by Dr. A. C. Neish; glucose-6-C'™ and glucose-UL-C™ were purchased 
from Atomic Energy of Canada Ltd. 


Experimental Results 


Preliminary Observations 


The rate of oxygen uptake of uninfected leaf tissue usually showed little or 
no change during measurement (Figs. 1 and 2). On the other hand the 
oxygen uptake of infected tissue usually, but not always, dropped about 
20% during the first 1 to 3 hours of measurement (Figs. 1 and 2). Oxygen 
uptake was almost the same in phthalate (0.01 M) as in phosphate (0.05 1) 
buffer, over the pH range 4.5 to 5.5. 
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Fic. 1. The drifts in oxygen uptake in air (solid lines) and carbon dioxide production 
in nitrogen (NR broken lines) for uninfected (H) and rusted (R; 4 days after inoculation) 
first leaves of Little Club. Ordinate: microliters of oxygen consumed or carbon dioxide 
produced per 10 mg. dry weight per hour. Abscissa: minutes after measurements started. 
Zero time in nitrogen: —25 minutes. 
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Fic. 2. The drifts in oxygen uptake in air (insets) and carbon dioxide production in 
nitrogen (NR) for uninfected (H) and rusted (R; 6 days after inoculation) first leaves of 
Little Club and Khapli. Ordinates: A of oxygen consumed (insets) or carbon dioxide 
produced per 10 mg. dry weight per hour. Abscissae: minutes. The points for NR 
values are placed in the middle of the time-period over which each measurement was made. 

The linear regression equations for NR vs. time in minutes (excluding NR values 
obtained during the first 15 minutes in nitrogen) and the INR/OR values obtained by 
extrapolating the regression lines to zero time in nitrogen (—5 minutes) are: 

= 34.22 — 0.35x, INR/OR = 1.48 uninfected Little Club; 

32.10 — 0.33x, INR/OR = 0.72 rusted Little Club; 
22.22 — 0.26x, INR/OR = 1.31 uninfected Khapli; 
24.62 — 0.26x, INR/OR = 0.49 rusted Khapli. 


The fermentation rates (NR) of both infected and uninfected leaves were 
also not affected by changes in pH from 4.5 to 5.5. Carbon dioxide production 
fell rapidly from the high values reached immediately after transfer from air 
to nitrogen (Figs. 1 and 2). ‘Initial’ fermentation rates (INR) were calculated 
by extrapolation to zero time in nitrogen, readings obtained during the first 


15 minutes after transfer being ignored (Fig. 2). A similar procedure has 
been used by Rowan et al. (26). 


The Effect of Rust-infection on Oxygen Uptake, R.Q., and NR 


The time-course of oxygen uptake following infection was described in 
Part II (27). The new data in Table I confirm the earlier findings: Oxygen 
uptake rises faster at infections on the resistant species, Khapli, but the 
respiratory peak is somewhat lower and is reached sooner than at infections 
on the susceptible species, Little Club. All the data in Table I were obtained 
with plants grown under relatively high light intensities. The mean R.Q. of 
uninfected leaf tissue was thus close to 1.0. With Little Club, infection had 
no appreciable effect on the R.Q. With Khapli, infection reduced the R.Q. 


to about 0.80 to 0.85 after the respiratory peak was reached (compare p. 612 
and Fig. 11, Part II (27) ). 
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TABLE I 


THE EFFECT OF RUST INFECTION ON THE RESPIRATION OF THE FIRST SEEDLING 
LEAF OF LITTLE CLUB AND KHAPLI WHEAT 


O2 uptake NR INR 
(uA/10 mg. (wA/10 mg. (uA/10 mg. 
ag dry wt./hr.) dry wt./hr.) dry wt./hr.) R.Q. NR/OR INR/OR 
ter 
Date inoc. H R H R H R H R H R H R 
Little Club wheat 
1955 
July 19 8 15.7 36.6 10.8 22 0.971 0.940 0.71 0.21 
July 22 11 15.6 38.2 10.1 8.2 _-_- 1.010 0.947 0.64 0.23 _ _ 
Nov. 22 4 26.3 34.9 9.7 _ 0.48 0.28 
Nov. 21 7 21.4 $3.5 9.5 6.1 0.44 
Nov. 24 10 24.8 64.0 13.0 11.3 _ 0.52 0.18 
Nov. 29 15 24.2* 74.3 10.3 9.7 _- _ _ 0.43 0.13 — _ 
Oct. 5 8 18.8 37.7 8.1 5.9 _ 0.43 0.16 
1956 
Apr. 12 6 24.6 49.3 19.0 19.7 32 30 _ _ 0.77 0.40 1.30 0.61 
Apr. 16 10 20.0 74.8 18.8 13.3 25 18 — _ -79 0.18 1.25 0.24 
May 2 29.2 30.9 14.5 14.6 31 31 1.026 0.998 0.48 0.47 1.03 1.01 
May 4 25.5 43.6 13.2 17.8 22 26 1 1.015 0.50 0.40 0.84 0.59 
Khapli wheat 
1955 
Nov. 8 31.6 52.1 12 14.2 0.39 
Nov. 25 27.4 36.5 43.3 3 27 8 _— _ 0.56 0.19 1.00 0.24 
1956 
Apr. 2 3 24.9 38.3 18.8 11.4 28 16 1.014 0.837 0.74 0.36 0.51 
Apr 4 5 26.6 56.6 19.5 13.6 1.010 0.806 0.73 0.30 
Apr. 20 2 26.3 35.8 8.2 17 23 0.952 0.853 0.29 0.27 0.69 0.77 
Apr. 23 3 23.8 37.8 15.9 14.3 31 29 _— — 0.67 0.42 1.34 0.86 
Apr. 26 6 21.4 33.0 10.1 10.0 25 17 0.962 0.912 0.49 0.33 1.23 ©O.57 
June 1 2 33.9 34.2 15.4 13.0 _-_ — 0.938 1.036 0.48 0.37 _ —_ 
June 4 5 28.0 54.1 15.5 85.79 36 43 -032 0.953 0.54 0.30 1.26 0.83 
June 7 8 26.2 43.9 12.8 6.2 28 «68 0.958 0.909 0.51 0.16 1.13 0.21 


Note: NR is mean rate of carbon dioxide output during first hour in nitrogen. Where the data permitted, 
INR values (i.e. initial rates) were obtained by extrapolation to zero time in nitrogen. Where the R.Q. was not 
measured, an R.Q. of 1.0 was assumed in calculating carbon dioxide output in air (OR) for Little Club. 

*Estimated value. 

tValues of 1.0 and 0.9 were assumed for healthy and rusted Khapli, respectively. 


The curves in Fig. 2 indicate that the drift in carbon dioxide output after 
transfer to nitrogen was closely similar in non-infected and rusted wheat leaf 
tissue. A more extensive comparison of the NR values, for non-infected and 
rusted Little Club and Khapli leaves, is afforded by the data in Table I. It 
is abundantly clear that the increase in oxygen consumption which accom- 
panied the development of the rust did not have its counterpart in an increased 
rate of carbon dioxide production under nitrogen. Sempio (29) obtained 
similar results for mildewed wheat. Both the NR/OR and the INR/OR 
ratios declined in a striking manner with the progress of the disease, but there 
was surprisingly little change in the actual rates of carbon dioxide production, 
which were remarkably close to those for uninfected tissue (Fig. 2). It is, 
however, noteworthy that with infected Khapli there was a marked drop in 
carbon dioxide production under nitrogen at the stage at which oxygen uptake 
fell from its peak value and when the actual effect of dinitrophenol on oxygen 
uptake also showed a real drop (Table IV). The INR/OR ratios for 
uninfected leaves (approximately 1.2) show that a Pasteur effect is present. 
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Although the low INR/OR ratios for infected leaves may really indicate the 
absence of a Pasteur effect, it is not considered safe to come to any firm 
conclusion on the basis of gas exchange measurements alone (35). 


The Effect of 2,4-Dinitrophenol on Oxygen Uptake 

Dinitrophenol stimulates oxygen uptake by reducing the efficiency of 
oxidative phosphorylations, i.e., it is an ‘uncoupling’ agent. The time curves 
in Fig. 3 show the effect of a series of concentrations of dinitrophenol on 
oxygen uptake and the respiratory quotient of the non-infected wheat leaf. 
Dinitrophenol caused, initially, an increase in the respiratory quotient, 
particularly at concentrations (6X10-> to 8X10~-*°) which inhibited oxygen 
uptake. Thus there is an increase in aerobic fermentation (8, 34). Maximum 
stimulation of oxygen uptake occurred at a dinitrophenol concentration of 
about 10-° M. 
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Fic. 3. The effect of 2,4-dinitrophenol on oxygen uptake andthe respiratory quotient 
of uninfected 13-day-old first leaves of Little Club. Ordinate: microliters of oxygen 
consumed per 10 mg. dry weight per hour, and R.Q. Abscissa: hours from start of 
experiment. Dinitrophenol added at 1 hour. Symbols: O oxygen uptake; @ R.Q. 


Fic. 4. The effect of 2,4-dinitrophenol on oxygen uptake by uninfected and rusted 
first leaves of Little Club. Ordinate: oxygen uptake as a percentage of the value in the 
absence of dinitrophenol. Abscissa: molarity of dinitrophenol. Symbols: X uninfected, 
13 days old (from data of Fic. 3); O uninfected, 13 days old; @ rusted, 15 days old and 
5 days after inoculation; A rusted, 20 days old and 10 days after inoculation. 


In order to correct for short-term drifts in oxygen consumption the 
percentage stimulation or inhibition of oxygen uptake by dinitrophenol was 
always calculated as follows: 

final rate in DNP initial rate of control in buffer 
initial rate in buffer final rate of control in buffer ° 
The oxygen uptake of two or three samples was followed for not less than an 
hour. Dinitrophenol was then added from the sidearms of the Warburg 


% stimulation = 
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flasks and readings were continued for three hours. Control samples to which 
no dinitrophenol was added were also run in duplicate. Final rates of oxygen 
uptake were based on figures obtained during the second and third hours after 
the addition of dinitrophenol. Readings obtained during the first hour were 
ignored in order to allow an adequate time for penetration of the inhibitor. 
When the calculations were made as described, the maximum stimulation of 
oxygen uptake was obtained with approximately 10-5 M dinitrophenol. 
Results for rusted and non-infected first leaves of Little Club wheat are 
presented in Fig. 4. Almost identical results were obtained with mildewed 
and non-infected barley leaves. Clearly, coupled phosphorylation is one of 
the processes limiting respiration in both diseased and uninfected wheat and 
barley leaves. 

The data in Tables II, III, IV, and V illustrate the effect of 10-5M 
dinitrophenol on the oxygen uptake of uninfected and rusted (Tables II, III, 
and IV) or mildewed (Table V) wheat or barley leaves. In 1954 (Tables II, 
III, and V) the infected leaf disks, 5 mm. in diameter, included a greater 
proportion of relatively unaffected tissue than the smaller disks used in 1955 
(Table IV). This was particularly true of samples taken during the early 
stages of infection. Both sets of data clearly show that, as the parasites 
developed, the percentage stimulation of oxygen uptake obtained by treatment 
with 10-° M dinitrophenol fell below the percentage stimulation obtained for 
uninfected tissue. Moreover, the decline in the response to dinitrophenol was 
most extensive and rapid at infections on the rust resistant species, Khapli, 
where degenerative changes developed rapidly (Table IV, Fig. 5). On the 
other hand, the actual stimulations per unit area (uA O, per 35 disks) were 
greater for rusted Little Club and mildewed barley than for uninfected tissue 
(Tables II, III], and V). The actual stimulations per unit area were less for 
infected tissue of Khapli than for uninfected tissue. However, it must be 
remembered that there is a marked gain in dry weight at rust infections on 


TABLE II 


THE EFFECT OF 10-5 M DINITROPHENOL ON THE RESPIRATION OF THE 
FIRST LEAF OF LITTLE CLUB WHEAT 


Increase in O2 uptake 
caused by DNP 


Days after O» uptake in buffer 
Species planting (uA/35 5-mm. disks/hr.) % 
Little Club 10 31.8 45 14.3 
(1954 expts.) 10 26.2 52 13.6 
12 28.8 42 4 
12 | 54 20.3 
13 22.5 aa” 16.4 
16 33.0 41 i3.:5 
18 36.7 60 22.0 
21 36.0 58 20.9 
Mean values 31.6 53.1 16.6 


*Single determination only. 
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TABLE III 


THE EFFECT OF 10-5 M DINITROPHENOL ON THE RESPIRATION OF HEALTHY 
AND RUST INFECTED FIRST LEAVES OF WHEAT 


Increase in O2 uptake 


caused by DNP 
O, uptake in buffer 
(uA/35 5-mm. disks/hr.) % bA/hr. 
Days after 
Species inoculation H R H R H R 
Little Club 5 — 56.0 — 57 — 31.9 
(1954 expts.) 10 — 177.0 — 32 — 56.6 
168.0 — 18 — 
12 _— 168.0 — 21 — 35.3 
Mean values 142.3 — 32 — 38.5 
Khapli 5 31.5 58.4 61 20 19.2 11.7 
(1954 expts.) 7 27.0 49.2 op 13.8 10.3 
Mean values 53.8 56 20.5 16.5 11.0 


TABLE IV 


THE EFFECT OF 107° M DINITROPHENOL ON THE RESPIRATION OF HEALTHY 
AND RUST-INFECTED FIRST LEAVES OF WHEAT 


Increase in O2 uptake 
caused by DNP 


Oxygen uptake in buffer 


(uwA/10 mg. dry wt./hr.) % bA/hr. 
Days after 
Species inoculation H R H R H R 
Little Club 3 28.9 272 17 19 38 32 
(1955 expts.) 5 25.8 36.8 32 18 8.3 6.7 
7 28.2 46.5 23 15 6.6 7.0 
10 21.2 37.6 56 33 11.9 
13 20.8 48.8 44 15 
14 13.5 34.8 46 26 Ss 9.2 
Mean values 23.1 38.6 36:3 28:0 7:88 7:97 
Khapli 3 22.7 36.7 47 4 616.7 12.5 
(1955 expts.) 5 Yn 46.5 22 9 5 ALS 
7 17.4 29.7 52 17 9.1 4.9 
8 21.2 20.3 45 9 9.6 1.8 
Mean values 20.7 41.5 7.5 8:75 3.85 
TABLE V 
THE EFFECT OF 10-5 M DINITROPHENOL ON SULPHUR-DUSTED HEALTHY (HS), 
MILDEW-INFECTED (M), AND SULPHUR-DUSTED, MILDEW-INFECTED 
(MS) FIRST LEAVES OF OAC 21 BARLEY 
Increase in O2 uptake by DNP 
Days after: O: uptake in buffer 
(wA/35 5-mm. disks/hr.) % pA /hr. 
S-dusting 
Experiment Inoc. mildewed HS M MS HS M MS HS M MS 
Aug./54 8 0 21 48 11.3 13.4 — 
9 1 22 55 43 55 30 34 12.1 16.5 14.6 
11 3 28 55 43 39 20 24 10.9 11.0 10.3 
Oct. /54 8 1 30 59 68 —- 221 32 — 12.4 21.8 
Mean values 25.3 54.3 $1.3 49.3 24.8 30.0 11.4 13.3 15.6 
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Fic. 5. The decline in the percentage respiratory response to 10-5 M dinitrophenol 
with the progress of rust infection for Little Club (LC) and Khapli (K). Ordinate: 
percentage stimulation of oxygen uptake for infected as per cent of percentage stimula- 
tion for uninfected. Abscissa: days after inoculation, 


Little Club and a less marked loss at infections on Khapli (27). In passing it 
may be noted that Table V also shows that sulphur treatments, which kill 
the fungus, do not reduce the respiration of mildewed leaves or its response to 
dinitrophenol (see 30, p. 401). 

The data in Table IV are expressed on a weight basis. Although the 
percentage response to dinitrophenol fell with the development of the rust, 
it will be noted that the actual increases in oxygen uptake, caused by the 
addition of dinitrophenol to infected tissue, remained remarkably constant 
and close to those obtained with uninfected tissue. Only on the seventh and 
eighth days after inoculation of Khapli wheat was there any appreciable 
decline from control values; and, at these times, the oxygen uptake was 
falling rapidly from its peak value, which was normally reached on the fifth 
or sixth day after inoculation of this species. It should be remembered that 
during the decline from the respiratory peak, NR and the respiratory quotient 
were also declining. Thus the weakened response of infected Khapli tissue 
to dinitrophenol at these late stages may indicate a high degree of uncoupling, 
but the possibility also exists that oxygen uptake, both in the presence and 
absence of dinitrophenol, was limited by a shortage of carbohydrate and 
indeed this possibility is strongly suggested by the data in Table VI. These 
data show that the oxygen uptake of healthy and rust-infected leaves of 
Little Club was raised about 15-20% by incubation for two hours with 3-5% 
glucose. On the other hand the oxygen uptake of infected Khapli leaves 
which were well past their normal respiratory peak was raised 66% by a 
two-hour treatment with 3% glucose (see also Fig. 13 (27)). 
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TABLE VI 


A COMPARISON OF THE EFFECTS OF DINITROPHENOL AND GLUCOSE ON OXYGEN UPTAKE 


uptake 
B, 
buffer + DNP* + glucose 
Species Treatment (uA/10 mg. dry wt./hr.) (as % A) (as % A) 
Little Club Uninfected 20.3 146.8 107 .4f 
Uninfected 
(darkened 43 hr.) 18.5 113.5 122.2t 
Little Club Uninfected 20.7 142.0 116.9f 
Rusted 13 days 51.7 145.3 112.0f 
Khapli Uninfected 145.0 119. 3t 
Rusted 8 days 20.3 109.0 166.0f 
*10-5 M. 


+3% glucose. 
5% glucose. Measurements were made after two hours in glucose. 


Experiments on the Pathway of Respiration 

Incubation with radioactive glucose was employed in an attempt to obtain 
some idea of the pathway of carbohydrate metabolism in infected and non- 
infected tissue (6, 10, 15). The plant material was incubated in Warburg 
flasks with solutions of each of glucose-1-C™ and glucose-6-C' and, in some 
experiments, uniformly labelled glucose. Duplicate or triplicate flasks were 
used for each of the glucoses to avoid the possibility of large errors. The 
total glucose concentration was 0.019 (w/v) %, i.e. 0.57 mg. in 3 ml. of buffer 
per flask, and the total activity per flask was nominally 50 millimicrocuries. 
The relative activities of the glucose solutions used were checked experi- 
mentally by counting aliquots at infinite thinness. After 90 minutes the 
incubation was stopped and the relative contributions of the three labelled 
glucoses to the activity of the carbon dioxide produced were determined. 

It must be stressed that the interpretation of the experimental data rests 
on several assumptions (see 6, 10, 36). The more important of these are: (i) 
that C, and C, of glucose are converted to carbon dioxide at the same rate in 
the subsequent oxidation of the pyruvate produced in the Embden—Meyerhof— 
Parnas pathway, i.e. rapid equilibration between dihydroxyacetone phosphate 
and phosphoglyceraldehyde is assumed; (ii) that the dilution of the 
exogenously supplied glucose is approximately the same whatever pathway is 
followed; (iii) that in short term experiments carbon dioxide arises only from 
C, in the pentose-phosphate pathway. If these assumptions hold, approxi- 
mately the initial value of the so-called C./C; ratio (6,10) will be 1.0 when 
glucose is metabolized by the Embden—Meyerhof—Parnas pathway alone. 
On the other hand, the participation of pathways in which C, gives rise to 
carbon dioxide preferentially will result in a decrease in the C./C; ratio. 
The cleavage of 6-phosphogluconate carried out by species of Pseudomonas 
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TABLE VII 


THE EFFECT OF RUST INFECTION ON THE C,/'C; RATIO FOR THE FIRST SEEDLING LEAF 
oF LittLE CLuB AND KHAPLI WHEAT (1956 EXPERIMENTS) 


Relative radioactivity from 
glucose in COz 
(c.p.m./10 mg. dry wt./1.5 hr.) 


Oz uptake — 
Days after: (uX/10 mg. dry wt./hr.) H R C6/Ci 
Date Planting Inoc. H R Ce Len Ce Ci H R 


Little Club wheat 


April 11 15 5 ef 42.2 190 §=387 150 782 0.49 0.19 
May 8 18 8 24.9 63.0 117 226 146 2184 0.52 0.07 
May 22 18 8 16.2 40.6 106 213 172 1570 0.50 0.11 
May 23 19 9 18.0 45.5 203 1635 @.12 
June 15 15 23.1 246 0.45 — 
June 22 22 _— 19.6 _ 327 766 _— _— 0.43 — 
Khapli wheat 

April 24 16 6 25.9 48.2 312 522 493 1540 0.60 

May 5 14 6 22.0 55.9 _ — 584 1698 _ 0.34 
June 14 12 2 28.7 34.5 218 402 359 712 0.54 0.50 
June 16 14 4 22.3 34.3 145 345 298 765 0.42 0.39 
June 19 16 5 18.3 41.5 114 219 470 1791 0.52 6 
June 20 20 17.3 0.56 
June 23 18 8 20.6 38.2* 144 360 475 2189 0.40 


Note: 15-25 mgm. (dry wt.) of tissue in 0.019 w/v % glucose with a total activity of approximately 0.05 


A activity of glucose-1-C™ 
microcuries. Counts of Cs have been multiplied by ——— s * 
activity of glucose-6-C™ 


counting aliquots of the two glucose solutions. It ranged from 1.076 to 0.886 for solutions made up on different 
occasions. Oz uptake is the mean for two flasks with glucose-1-C' and two with glucose-6-C"™, Differences 
between O2 uptake in the two glucoses were not significant. 

*Respiration declining from peak. Not included in Fig. 6. 


This ratio was determined by 


(Entner-Doudoroff scheme) results in the preferential origin of carbon dioxide 
from C; and C, (6). This scheme is not at present known to operate in higher 
plants or fungi. Apart from this and granted the foregoing conditions, a 
marked preferential origin of carbon dioxide from C, of glucose can at present 
only be explained biochemically by the operation of the pentose phosphate 
pathway. Low C¢/C; or C2_¢/C; ratios thus suggest the participation of this 
pathway in glucose catabolism. 

The mean C,/C; ratio was 0.483 (s = + 0.0356, n = 6) for uninfected 
first leaves of Little Club and 0.507 (s = + 0.0760, m = 6) for uninfected 
first leaves of Khapli (Tables VII and XI). The ratio showed a significant 
negative correlation with the rate of oxygen uptake of infected tissue until 
the respiratory peak was attained (Fig. 6) and, with Little Club, reached a 
minimum value of about 0.1 on the 10th—11th day after inoculation. In two 
experiments, germinating uredospores of stem rust (Race 15B) also gave a 
C,/C,; ratio of approximately 0.1. 

C,/C, ratios and respiration rates were dette simultaneously for 
uninfected barley leaf tissue, mildew infected tissue with the ectoparasitic 
mycelium present, and infected tissue from which the mycelium had been 
removed. The results (Table VIII) showed not only that a high proportion 
of the increase in oxygen uptake was localized in the host tissue, as found by 
others (5, 22), but also that the C,/C; ratio for the host tissue was clearly 
reduced as a result of infection. 
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Fic. 6. The correlation between the Cs/C; ratio and oxygen uptake for rust-infected 
first leaves of Little Club and Khapli. Ordinate: Cs/C; ratio as percentage of the value 
for uninfected controls. Abscissa: oxygen uptake as a percentage of the value for 
uninfected controls. Symbols: @ rusted Little Club; O rusted Khapli. The regression 
equation for the line is: 

y = 164.57 — 0.573x (r = —0.915, P <0.01). 

If the nine values for the Cs/C; ratio, obtained prior to the respiratory peak, which are 
given in Table VII are plotted directly against oxygen uptake as a percentage of the value 
for uninfected controls, then r = —0.786, P <0.02. 


TABLE VIII 


THE EFFECT OF MILDEW ON THE RESPIRATION OF THE FIRST LEAF OF ATLAS BARLEY 


Oz uptake 
Days (uA/10 mg. dry wt./hr.) Co6/C; or C6/Ci 
after 
Date inoc. H M MR H M MR 
Sept. 1/55 10 23.6 47.1 33.8” 2.85f 1.05f 1.54} 
July 23/56 7 21.4 36.0 33.27 0.75§ 0.50§ 0.37§ 


* Mildew removed by rubbing the leaves between the fingers. 

+ Mildew removed by brushing the leaves with a camel hair brush. 
Cy_¢/C; ratios. 

§ C,/C, ratios. 


If the C./C; ratio for the uninfected wheat leaf is 0.5 and infection with 
rust doubles the respiration rate, then, even if all the increase in respiration 
were due to the fungus mycelium and were mediated solely via the pentose 
phosphate pathway, the C./C, ratio for the host-parasite complex would only 
drop to 0.25. Since, as pointed out earlier, there are grounds for believing 
that a major portion of the increase in respiration occurs in the host tissue, it 
follows that the C./C; ratio for the host tissue is reduced by infection with rust. 

If the assumptions listed above are taken as correct, the C,./C; ratio 
may be considered to indicate directly the ‘maximum’ fraction of the respira- 
tion which is attributable to the oxidation of pyruvate produced via the 
Embden—Meyerhof—Parnas pathway (10). Thus considered, the mean C./Ci 
ratio of approximately 0.1 for heavily infected Little Club suggests that a 
minimum of 90% of the respiration occurs via the pentose phosphate pathway. 
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This pathway is reputedly resistant to the action of sodium fluoride and 
iodoacetate, which do, however, inhibit glycolysis (24). Farkas and Kiraly 
(13) have found that fluoride and iodoacetate inhibit the oxygen uptake of 
both rusted and uninfected wheat leaves. The extent of the inhibitions (66% 
with iodoacetate and 36-42% with fluoride) was the same for infected as for 
uninfected tissue. The data in Table IX, obtained with the assistance of 
Dr. John Russell, amply confirm their findings for fluoride. It may be noted 
here that the respiration of germinating uredospores of rust is not inhibited by 
fluoride although it is by iodoacetate (33) and that the activity of several of 
the enzymes of the pentose—phosphate pathway has been found in extracts of 
the spores (32). The effects of fluoride and iodoacetate are not necessarily at 
variance with the conclusion that the pentose phosphate pathway is making 
an important contribution to the respiration of infected tissue. They may 
mean that triose produced in the pentose phosphate pathway is oxidized to 
pyruvate, together with triose produced in the Embden—Meyerhof—Parnas 
pathway, via the latter. Both inhibitors depress the activity of a number of 
enzymes (17). 

In the oxidation of pyruvate produced by the Embden—Meyerhof—Parnas 
pathway C; and Cg are the last pair of carbon atoms to appear in carbon 
dioxide. It is therefore possible that the rate of entry of Cs. into carbon 
dioxide is a poor index of the contribution of this pathway so that the 
‘maximum’ estimate given directly by the C,/C; ratio is too conservative. In 
eight experiments on glucose metabolism the tissue was incubated with 
uniformly labelled glucose as well as with glucose-1-C™ and glucose-6-C™. 
Measurements of the radioactivity in the carbon dioxide produced are 
presented in detail in Table X. Examination of the data will show that Cg. 
was converted to carbon dioxide at a rate which was less than the average for 
all six carbon atoms and also less than the average for carbons 2, 3, 4, and 5. 
The most liberal estimate of the ‘maximum’ contribution of the Embden-— 
Meyerhof—Parnas tricarboxylic acid pathway is: 

% participation E.M.P. = 
(A) c.p.m. from UL — (c.p.m. from C; — c.p.m. from Cs) 

c.p.m. from UL 


TABLE IX 


THE EFFECT OF FLUORIDE ON THE RESPIRATION OF INFECTED AND 
UNINFECTED FIRST LEAVES OF LITTLE CLUB 


x 100. 


% inhibition by NaF* 


uptake 
(w#A/10 mg. dry wt./hr.) 107 M 10-7 M 10-3? M 
Uninfected 25.2 93 57 5 
Uninfected 28.0 40 
Rusted—7 days 41.0 — 34 _— 
Uninfected 23.6 47 
Rusted—10 days 57 


*In 0.05 M KH2PO,. 
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TABLE X 


THE EFFECT OF RUST INFECTION ON THE PATHWAY OF RESPIRATION 


Relative radioactivity from glucose 
in carbon dioxide % participation* 
(c.p.m. per 10 mg. dry wt. in 1.5 hr.) 


E.M.P. Alt. path. 
Days UL Cel cit C6/Ci (max.) (min.) 
after — 

Species Date inoc. H R H R H R H R H R H R 
Little Club) Apr. 15 S 360 752 32 25 65 130 0.49 0.19 90.8 86.0 9.2 14.0 
May 8 8 202 «638 18 24 36 ©6262 0.52 0.07 91.1 62.7 8.9 37.3 
May 23 9 427 878 — 34 — 273 — 0.12 — 72.8 — 27.2 
Khapli June 14 2 318 554 36 «660 67 119 0.50 90.3 89.4 9.7 10.6 
June 16 4 356 600 24 50 58 128 0.42 0.39 90.4 87.0 9.6 13.0 
June 19 5 202 1000 19 78 37 S2 0.26 91.1 77.9 6.9 22.3 
Apr. 24 6 460 1372 52 82 87 257 0.32 92.4 87.2 7.6 23 
May 5 6 281 1331 — 97 — 283 — 034 — 8.0 — 14.0 


m. UL — m. C;: — c.p.m. C 
= D- X 100. % participation alternate pathway 
= 100 —% E.M.P. Respiration rates are given in Table VII. C.p.m. from glucose-UL-C™ and glucose-6-C'™ 
have been corrected for smali differences in the specific activity of the solutions from that of glucose-1-C'™, C.p.m. 
from Ci and Ce, given in Table VII, have here been divided by six for comparison with glucose-UL-C™ 


*% participation E.M.P. 


The estimates obtained using this expression are given in Table X. They are 
certainly too high, because the expression assumes that only C; enters carbon 
dioxide in the alternate pathway. The C./C; ratios, probably for the reasons 
outlined above, give the lowest estimates of the respiratory contribution of 
the Embden—Meyerhof—Parnas pathway. It is unfortunate that the relative 
contributions of Cs, C3, C4, and C; of glucose to the carbon dioxide produced 
are not known. Equations III and IIa of Korkes (18) can be applied to the 
data and give estimates of the proportions contributed by the two pathways 
which lie between the extreme ranges suggested by the C,/C; ratio on the 
one hand and expression A on the other. 

However the estimates are made, the data suggest that the switch to the 
pentose phosphate pathway which results from infection is less marked in the 
resistant Khapli than in the susceptible Little Club (Tables VII, III, and X). 
It is noteworthy that after the respiratory peak has been reached in infected 
Khapli there may be a decline in the apparent contribution of the pentose 
phosphate pathway, although oxygen uptake in air and carbon dioxide 
production in nitrogen are both declining (Table X). 

In view of the apparent partial uncoupling of respiration in infected tissue 
it was of interest to determine whether dinitrophenol in uncoupling concentra- 
tions altered the C./C; ratio. Dinitrophenol (10-> M) and radioactive glucose 
were added to the tissue simultaneously at the start of the experiment. The 
results are given in Table XI and show that uncoupling not only increased 
oxygen uptake, but raised the apparent maximum percentage contribution of 
the Embden — Meyerhof — Parnas — tricarboxylic acid pathway, calculated from 
expression A, by approximately 7% in both infected and uninfected tissue. 
The C,/C; ratios were also increased, particularly that for uninfected tissue 
which reached 0.81, the highest value found during the course of this investi- 
gation. It will be remembered that dinitrophenol raises the R.Q. (Fig. 4). 
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TABLE XI 


THE EFFECT OF DINITROPHENOL ON THE RESPIRATION AND C,/C; RATIO OF 
UNINFECTED AND RUSTED FIRST LEAVES OF LITTLE CLUB 


Relative radioactivity from 


glucose in CO2 % participation* 
(c.p.m./10 gm. dry wt./1.5 hr.) —_____—_—_—__—- 
Oz uptake —- EM Alt. path. 
Tissue (uA/10 mg. dry wt./hr.) UL Celt (max.) (min.) 
Rusted 9 days 45.5 878 34 273 0.12 72.8 27.2 
Rusted + 10-5 M DNP 50.8 1005 49 243 0.20 80.7 19.3 
Not infected 18.9 427 37 72 0.51 91.8 8.2 
+ 10-5 M 34.3 441 34 42 0.81 98.2 1.8 
INP 


NoTE: Radioactive glucose and dinitrophenol were added to the tissue simultaneously. Incubation period, 
90 minutes. Counts from Ce and UL glucose have been corrected for small differences in the specific activity of 
the solutions from that of glucose-1-C™. In addition, the c.p.m. from Ci and Ce have been divided by six. 

*Calculated from expression A. 


It is possible that the effects of dinitrophenol on the Embden — Meyerhof — 
Parnas — tricarboxylic acid pathway outweigh any effects on the pentose 
phosphate pathway. However this may be, it is clear that in short term 
experiments of this kind an uncoupling concentration of dinitrophenol raises 
the C,/C; ratio whereas infection with rust or mildew lowers the ratio. 


Discussion 


The experimental work reported here and in Part II (27) has revealed the 
main features of the pattern of respiratory gas exchange in rust-infected wheat 
leaves. After infection, oxygen uptake rises, faster in Khapli than in Little 
Club, to two to three times its normal level and then declines again, sooner 
and more sharply in Khapli than in Little Club. The R.Q. remains very close 
to 1.0 until the respiratory peak is reached, but may then fall to 0.8-0.85. 
The INR remains very close to that for healthy tissue until the respiratory 
peak has been reached, but falls during the respiratory decline. The drift in 
NR from its initial values under nitrogen is also closely similar in healthy and 
infected leaves. 

The respiratory pattern for mildew infected tissue is evidently essentially 
the same as that for rusted. For mildew it is clear that the respiratory 
increase is localized in the host tissue; evidence that this is true also for rust 
has already been summarized. 

The INR/OR ratios (about 1.2) for uninfected tissue clearly indicate the 
operation of a Pasteur effect, and for the present an alcohol fermentation may 
be assumed. ‘Two interpretations of the INR values for infected tissue are 
possible. In the first place, if a true alcohol fermentation is assumed here 
also, then it is possible that the rise in oxygen uptake does not have its 
counterpart in an increased fermentation. The similarity in the actual rates 
and drift of carbon dioxide evolution under nitrogen for infected and uninfected 
tissue make this an attractive hypothesis, from which it would follow that the 
Pasteur effect is either much reduced or absent in infected tissue. It should 
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be recalled here that Derby and Goddard (12) found that the fungus 
Myrothecium verrucaria, although it had a high respiration rate, produced no 
carbon dioxide or organic acid under nitrogen or hydrogen. Similarly, Botrytis 
cinerea, which is thought to oxidize glucose via gluconic acid, phosphogluconate, 
pentose phosphate, and triose phosphate to pyruvate and in which a 
tricarboxylic acid cycle appears to function, does not produce either carbon 
dioxide or lactic acid under anaerobic conditions (14). According to Allen (4) 
germinating uredospores of rust do not produce carbon dioxide anaerobically. 

On the other hand, it is possible that the rise in oxygen uptake in infected 
tissue has its counterpart in the development of a non-alcoholic fermentation 
leading to the production of lactic or other organic acids. Lactic acid 
production is known in potatoes (7). In the absence of information on these 
points it cannot be definitely concluded that a Pasteur effect is absent in 
infected tissue. 

The results obtained with dinitrophenol may: now be considered. Since 
dinitrophenol stimulates oxygen uptake in infected as well as uninfected tissue, 
it is clear that the rate of oxygen uptake in both is limited by phosphate 
acceptor systems. The decline in the percentage response to dinitrophenol 
with the progress of infection is, however, consistent with the occurrence of a 
partial ‘uncoupling’, which seems to be more pronounced in resistant tissue 
where degenerative changes occur. While rapid uncoupling may be associated 
with resistance, it is by no means certain that uncoupling is initially responsible 
for the rise in oxygen uptake, particularly since 10~° M dinitrophenol inhibits 
the assimilation of radioactive glucose at infection sites (30) and because of 
the clear evidence for the occurrence of synthesis at infections on susceptible 
hosts (30, 27). Allen (2) has already suggested that at such infections 
substances may be produced which increase the utilization of energy-rich 
phosphate compounds rather than stimulate their breakdown. Increased 
synthesis, by increasing the availability of phosphate acceptors, could itself 
first raise respiration, and uncoupling might occur later. The evidence in 
favor of a partial uncoupling is, however, consistent with the suggestion that 
the Pasteur effect is reduced or absent in infected tissue. 

Turning now to the results of the tracer experinients it must be stressed 
again that the estimates of the relative contributions of the pentose phosphate 
and Embden—Meyerhof—Parnas pathways to carbon dioxide production are 
uncertain in view of the assumptions and limitations of the technique. In 
spite of these limitations the view taken here is that there is in infected tissue a 
shift in favor of a pathway which is not the Embden—Meyerhof—Parnas 
pathway and which is probably the pentose phosphate pathway, although this 
shift is probably not as extensive as the C./C; ratios alone suggest. This opens 
an interesting possibility. Continued decarboxylation of 6-phosphogluconate 
in the pentose phosphate pathway requires the regeneration of oxidized 
triphosphopyridine nucleotide, which is reduced in the reaction. This involves 
electron transfer either to oxygen or, possibly, to some internal system. If, in 
the infected wheat leaf, the decarboxylation is substantially decreased in the 
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absence of oxygen, this would account, in part at least, for the ow INR/OR 
ratios. Evidence in favor of this view is seen in a recent report by Beevers (9) 
to the effect that the production of radioactive carbon dioxide from gluconate- 
1-C™ by corn root tips and coleoptiles is about seven times as great in air as 
under nitrogen. In yeast, glucose is partially respired by the pentose 
phosphate pathway in the presence of oxygen (11), but under anaerobic 
conditions only the Embden—Meyerhof—Parnas pathway functions (19). 
Dinitrophenol at 10-° M stimulates oxygen uptake (Figs. 3 and 4) and raises 
the C,/C; ratio (Table XI). Higher concentrations appreciably increase the 
R.Q. (Fig. 3) by inducing an aerobic fermentation (8, 34). These observations 
are in agreement with the suggestion that dinitrophenol stimulates glycolysis 
(8). If the primary effect of dinitrophenol is a stimulation of glycolysis, then 
a large shift in favor of the pentose phosphate pathway may explain the rather 
striking fact that the actual rise in the oxygen consumption of infected tissue 
caused by dinitrophenol remains constant at the level found for healthy 
tissue—approximately 8 uA/10 mg. dry wt./hr.—until the respiratory peak 
has been reached (Table IV). Under these conditions, the constant actual 
response to dinitrophenol would imply uncoupling of a constant ‘basal’ 
respiration which accounts for a decreasing percentage of the total oxygen 
uptake as oxidation via the pentose pathway increases. In addition any 
residual Pasteur effect within this ‘basal’ respiration would then be masked. 
A prolonged, but controlled, partial uncoupling might even cause a diversion 
of glucose to the pentose phosphate pathway, through stimulation of glycolysis 
and saturation of the tricarboxylic acid cycle. Scott (28) has recently shown 
that the activity of glucose-6-phosphate dehydrogenase in extracts of E. coli 
is increased two- to six-fold when the cells are grown in the presence of 
dinitrophenol. On the other hand, the activity of 6-phosphogluconate 
dehydrogenase was not altered. 

Farkas and Kiraly (13) have shown that malonate (10-? M) inhibits the 
respiration of uninfected leaves by 70%, whereas that of infected leaves is 
reduced by only 35% (rusted) to 40% (mildewed). These inhibitions were 
partially reversed by malate (10-? M) and indicate that the tricarboxylic acid 
cycle functions in both uninfected and parasitized wheat leaves. These 
authors concluded that, in infected tissue, aerobic respiration involved an 
increased participation of a non-tricarboxylic acid pathway. Kiraly and 
Farkas, in a more recent paper (21), present evidence to show that ascorbic 
acid oxidase is the main terminal oxidase in infected leaves, but plays only a 
minor role in uninfected leaves. This observation is of considerable interest, 
since the level of free indoleacetic acid rises in rusted and mildewed leaves (16) 
and Newcomb has shown that ascorbic acid oxidase activity increases in 
tobacco pith cells treated with indoleacetic acid (25). In addition, when leaf 
disks of wheat are incubated with indoleacetic acid (approximately 8 mg./ 
liter), the C./C, ratio is markedly reduced, although oxygen uptake is 
virtually the same as in buffer (31). 
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All the results presented here, as well as those obtained by Farkas and 
Kiraly (13, 21) are consistent with the hypothesis that infection with rust or 
mildew results in the production, by one or both members of the host—parasite 
complex, of one or more substances which not only stimulate aerobic respira- 
tion, but alter its pathway in the host tissue. This hypothesis is supported by 
the recent interesting work of Millerd and Scott (22, 23), who have obtained 
extracts of mildewed leaves which strikingly increase the respiration of 
uninfected leaves. 


Corrections 


In acknowledgments made in Part II (27) it should have been stated that 
the analytical work on carbohydrates carried out by Mr. R. Krupka formed a 
part of a thesis, submitted by him to the Graduate Faculty of the University 
of Saskatchewan, for the degree of Master of Arts (20). During the course of 
his work, Mr. Krupka held a scholarship from the National Research Council 
of Canada. 

In Part II (27), under Fig. 1, p. 606, it is stated that ‘vertical lines in this 
and subsequent figures are twice the standard deviations (s).’’ This statement 
is correct only for Figs. 1 and 2. It should not be applied to Figs. 10 and 12 
in which the vertical lines indicate the ranges of individual determinations. 
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AMINOTRIAZOLE INTERACTIONS IN THE GROWTH OF 
TIMOTHY GRASS SEEDLINGS! 


Joun Russe? 


Abstract 


As a means of determining possible reactions of 3-amino-1,2,4-triazole, 
statistical interaction experiments were performed using aminotriazole together 
with indoleacetic acid, hydrogen peroxide, and dinitrophenol. The growth rates 
of the roots and shoots of Phieum pratense were used as a measure of the response. 
Under the experimental conditions employed, aminotriazole was found to be 
independent of both indoleacetic acid and dinitrophenol in its effects. However, 
an interaction was found with hydrogen peroxide, for which several explanations 
are considered. 


Introduction 


3-Amino-1,2,4-triazole is a new herbicide which has proved to be effective 
in field trials against a number of annual and perennial weeds. It is rapidly 
inactivated in most soils, and the most effective application has been found 
to be as a foliar spray on actively growing plants. It is readily absorbed and 
translocated to all parts of the plant. At moderate concentrations it produces 
two obvious effects in grasses: a reduction in the growth of both roots and 
shoots, and also, although chlorophyll already present in the shoots is not 
immediately affected, an absence of chlorophyll in any new growth. The 
death of the plant inevitably results if sufficient aminotriazole is present to 
maintain this condition. Hall et al. (11) using cotton observed a reduction in 
stem growth; suppression of secondary growth; interference with chlorophyll 
synthesis; chlorophyll destruction; a decrease in soluble carbohydrates 
accompanied by an increase in reserve carbohydrates in the upper parts of 
the plants; changes in the distribution of nitrogen, phosphorus, and potas- 
sium; and defoliation. 

The present work was undertaken to investigate some of the reactions of 
aminotriazole. The growth response was the most readily amenable to 
quantitative determinations; accordingly statistical experiments were per- 
formed using aminotriazole in conjunction with substances of more or less 
known actions, and using the growth rates of roots and shoots of grass 
seedlings as an index of activity. It was hoped that any interaction which 
could be demonstrated would indicate a site of action of aminotriazole. Most 
previous experiments of this type have employed root or shoot measurements 
alone as the test response, but it was thought that simultaneous observations 
on both the root and shoot would afford an interesting comparison, and 
perhaps provide some incidental information on translocation. 


1Manuscript received February 5, 1957. 
“ Contribution from the Department of Botany, University of Western Ontario, London, 
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2Present address: Department of Biology, University of Saskatchewan, Saskatoon, 
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Methods 


Timothy grass seedlings (Phleum pratense var. climax) were found to be 
very suitable material, and were used throughout the work. To germinate the 
seeds they were floated on glass-distilled water in groups of several hundreds. 
The external conditions of growth were always the same as those of the 
experiment to be performed—usually continuous light of 350 ft-c., temperature 
26 + 0.15° C., and humidity approximately 100%. Except where otherwise 
mentioned, these conditions were used in all of the experiments. 

After a germination period of about 72 hours, a selection of seedlings was 
made with root and shoot measurements of about 1.5mm. each. Measurements 
of the shoot and the primary root were made using a Zeiss binocular dissecting 
microscope, immediately before the seedlings were floated on the treatment 
solutions. These were in volumes of 150 cc. contained in crystallizing dishes. 
The seedlings, 10 to a dish, floated on circular cheesecloth rafts ringed with 
paraffin wax. The solutions contained only the substances under test. The 
pH of all of the solutions used, with the exception of dinitrophenol, which 
required neutralization, lay between 6.5 and 7. At the end of a 48-hour 
experimental period the pH of each had fallen to 6.1, presumably owing to the 
diffusion of materials from the seeds and roots. It was decided that these 
changes were sufficiently minor to avoid the use of buffering agents, which 
can have large effects of their own upon the growth and respiration of roots 
and root sections, as shown by Brown and Sutcliffe (5), and which may also 
alter the response to auxins, according to Thimann and Schneider (22). 

The large volume of treatment solution used was intended to keep the level 
of external concentration more or less constant. Water loss by surface 
evaporation amounted to a maximum of 4% over a period of 48 hours. It 
might be noted in passing that in similar factorial experiments on indoleacetic 
acid using cress, which were performed by Ochs (15), 12 roots were used per 
dish and considerable modifications of the growth curves were obtained when 
the volume of test solution was increased from 5 to 30 cc. 

A preliminary experiment to test the necessity of aerating the solutions gave 
a small increase in root growth, insufficient to demonstrate a significant effect. 
It was concluded that the considerable area and volume of solution per seedling 
was permitting an adequate gas exchange by diffusion. 

As the desirability of making several growth measurements over the 
experimental period has been pointed out by Audus (1), three time-replicates 
were set up for each treatment and the root and shoot growth measured on one 
each at the end of 8, 24, and 48 hours. An attempt to make all three measure- 
ments on the same group of seedlings was abandoned when reduced growth 
was obtained owing to the repeated disturbance. 

The term shoot as used here refers, for the seedlings grown in the light, to 
the coleoptile and the emergent first leaf. The first leaf begins to emerge 
when the coleoptile is between 6-8 mm. in length. So, while most of the 
8-hour shoot measurements represent coleoptile lengths, the later measure- 
ments are lengths to the tip of the first leaf. When the seedlings are grown 
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in darkness as in the dinitrophenol experiment, the main zone of extension 
growth is transferred from the first leaf to a lower level, the first internode as 
defined by Stafford (20). Because several meristems in different locations 
may be involved, comparisons drawn between the shoot measurements are 
less satisfactory than those based on the primary root values. If one 
accepts the reduction in precision it is thought that some valid conclusions 
concerning the response of the aerial parts may still be reached. 

All total growth measurements of roots and shoots were converted into 
growth rates per hour before an analysis of variance was performed. Tests 
of response were carried out with all of the chemicals used in the factorial 
experiments to determine the most suitable range of concentrations. With 
aminotriazole the effects upon root growth appear to be entirely inhibitory 
under the conditions tested. The first response becomes evident at 24 hours 
with 20 p.p.m. outside concentration. This response increases at 48 hours 
apparently owing to the penetration of more of the substance to the sites of 
action. Probably the same results could be produced with lower concentrations 
if more time were allowed for penetration. With 20 p.p.m. a small growth 
stimulation is found in the 8-hour root measurements in most of the experi- 
ments. Though never at a significant level it occasionally persists to the 
24-hour observations. It is therefore possible that there is a short period of 
significant stimulation of root growth somewhere in the 0-8 hour period which 
has been largely masked by subsequent growth at the 8-hour stage. Inhibition 
becomes progressively larger with rising external concentration of amino- 
triazole. Chlorosis of the leaves develops at the 24-hour stage with from 40 
p-p-m. upwards of the chemical present. 


Results 


(1) Aminotriazole — Indoleacetic Acid Experiment 

A test was made for possible interference by aminotriazole with the hormone 
relations of roots and shoots, at least as far as these are represented by the 
IAA system. It was conducted as a factorial experiment using two concentra- 
tions of aminotriazole, 20 and 80 p.p.m., together with 10~°, 10-4, 10-°, and 
1 p.p.m. of IAA with two replications. An analysis of variance was performed 
upon the growth rate data obtained, and the results are shown in Table I. 

It will be seen that in the roots the only interaction to reach significance is 
that between aminotriazole and time. This simply reflects the time necessary 
for the response to develop. The data give no indication of an interaction, 
either in the form of an over-all significance of the IAA X aminotriazole 
variance, or of IAA X aminotriazole X time, which could have indicated an 
interaction of limited duration. The results for the roots are shown graphically 
in Fig. 1. It is noticeable that the response to IAA is well advanced at the 
8-hour stage, and the principal development at 48 hours is the conversion of 
the small stimulation of the growth rate found in the earlier periods at the 
lower concentrations into an inhibition, presumably as more IAA accumulates 
at the sites of action. A response to aminotriazole does not appear until the 
8- to 24-hour period. 
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TABLE I 


ANALYSIS OF VARIANCE OF THE GROWTH RATE VALUES FOR ROOTS AND SHOOTS IN 
THE AMINOTRIAZOLE — INDOLEACETIC ACID EXPERIMENT 


Sum of Degrees of Mean 
Source of variance squares freedom square r 
Roots 
Aminotriazole 3,668 2 1,834 <€ 0.1% 
IAA 21,383 4 5,346 < 0.1% 
Ms Time 303 2 152 
Interactions 
aig IAA X aminotriazole 1,145 8 143 
IAA X time 1,637 8 205 
Aminotriazole X time 3,603 4 901 < 1% 
Triple interaction 3,743 16 236 
Residue 7,457 44 170 
Shoots 
Aminotriazole 2,487 2 1,244 < 0.1% 
IAA 331 4 83 
Time 10,658 2 5,329 < 0.1% 
Interactions 
IAA X aminotriazole 800 8 100 
IAA X time 3,880 8 485 < 0.1% 
Aminotriazole X time 3,705 4 926 < 0.1% 
Triple interaction 2,042 16 128 
Residue 4,449 44 101 
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Fics. 1 and 2. Results for root (Fic. 1) and shoot (Fic. 2) growth in the aminotriazole— 
IAA experiment. 
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Regarding the shoots, it can be seen from the analysis in Table I that the 
interactions of both substances with time are significant, again reflecting the 
lag period required for the accumulation of effective concentrations. The 
results are shown graphically in Fig. 2, and it is obvious that there is no 
significant response to either substance until the 24- to 48-hour period. As 
IAA penetrates into roots much more rapidly than aminotriazole, it seems 
certain that at least part of the delay is due to the already proved lower 
sensitivity of the shoots to IAA. This may also be true for aminotriazole, 
but this is less likely. 


(2) Aminotriazole — Hydrogen Peroxide Experiment 


As it has been suggested by Galston, Bonner, and Baker (9) and others that 
hydrogen peroxide takes part in the destruction of IAA, and as hydrogen 
peroxide has also been shown to interfere with the activity of IAA in an 
unknown way by Siegel and Weintraub (19), it was thought of interest to use 
it in an interaction experiment with aminotriazole. The same design was 
employed as in the previous experiment, and the same concentrations of 
aminotriazole were used. The hydrogen peroxide was made up in strengths 
of 0.01, 0.1, 1, and 10 p.p.m. 


The results of the analysis of the growth rate values for the roots are shown 
in Table II, and the rates themselves are presented graphically in Fig. 3. The 
response to aminotriazole follows the same pattern as in the previous experi- 
ment. The hydrogen peroxide enters rapidly showing a response at the end 
of the 8-hour period. The similarity between the curves obtained with the 
roots for IAA alone and hydrogen peroxide alone is quite striking. Raadts 
(17) also obtained growth stimulations using hydrogen peroxide in tests with 
detached oat coleoptiles. It will be noted in the analysis that though the 
over-all aminotriazole X hydrogen peroxide interaction is not significant, the 
triple interaction between these two factors and time reaches the 5% level. 
This triple interaction can be examined further by a detailed analysis of the 


TABLE II 


ANALYSIS OF VARIANCE OF THE GROWTH RATE VALUES FOR ROOTS IN THE 
AMINOTRIAZOLE — HYDROGEN PEROXIDE EXPERIMENT 


Sum of Degrees of Mean 
Source of variance squares freedom square od 

Aminotriazole 3,913 2 1,956 < 0.1% 
Hydrogen peroxide 9,927 4 2,482 < 0.1% 
Time 571 2 286 
Interactions 

Aminotriazole X HO, 1,175 8 147 

H.02. X time 1,047 8 131 

Aminotriazole X time 4,793 4 1,198 

Triple interaction 4,200 16 263 < 5% 
Residue 5,020 44 114 
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Fic. 3. Results for root growth in the aminotriazole — hydrogen peroxide experiment. 


separate time periods shown in Table III. It can be seen here that the 
aminotriazole X hydrogen peroxide interaction is significant only in the 8- to 
24-hour period, when the variance due to hydrogen peroxide alone also reaches 
a peak. The interaction is well illustrated by graphs shown in Figs. 4 and 5. 
These were obtained by a method employed by Blackman and Robertson- 
Cuninghame (4) in which the values found for a range of concentrations of a 
substance A are expressed as percentages of the value at the zero concentra- 
tion of A. This is repeated for each level of substance B, and theoretically 
if no interaction existed between A and B a series of superimposed lines 
should be obtained. 


TABLE III 


AMINOTRIAZOLE X HYDROGEN PEROXIDE EXPERIMENT. ANALYSIS OF VARIANCE OF 
INDIVIDUAL TIME PERIODS (GROWTH RATE VALUES FOR ROOTS) 


Sum of Degrees of Mean 
Source of variance squares freedom square P 
0-8 hours Aminotriazole 127 2 64 
Hydrogen peroxide 1,987 4 497 < 0.1% 
Aminotriazole 491 8 61 
Residue 409 14 29 
8-24 hours Aminotriazole 1,507 2 754 < 0.1% 
Hydrogen peroxide 4,861 4 1,215 < 0.1% 
Aminotriazole X 2,784 8 348 8% 
Residue 780 14 56 
24-48 hours Aminotriazole 7,072 2 3,536 < 0.1% 
Hydrogen peroxide 4,127 4 1,032 < 5% 
Aminotriazole X HO. 2,101 8 263 
Residue 3,730 14 268 
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Two graphs can be produced in this way, the effect of A upon B, and vice 
versa, B upon A. It has already been observed by Johnson, Eyring, and 
Polissar (13) that if the substances are penetrating to the sites of action at 
very different rates, or exert their effects in markedly different concentrations, 
it is possible for A to exert a large effect upon the development of a response to 
B, without the reverse being true. In the present example the effects are 
more or less equal each way, but the peroxide influences the response to 
aminotriazole in the 8- to 24-hour period in a rather irregular manner. The 
effect of aminotriazole upon the peroxide response is more clearly defined, 
taking the form of an antagonism, with the 20 p.p.m. of aminotriazole for the 
most part showing the greater opposition (Fig. 5). 

If the graphs are examined, it can be seen that in the 8- to 24-hour period 
the peroxide ranges with aminotriazole present show a form somewhat similar 
to the control peroxide range in the 0- to 8-hour period. Also, though in the 
24- to 48-hour period the interaction is no longer significant, nevertheless the 
peroxide ranges with aminotriazole present display a similarity with the 
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Fic. 4. The effect of hydrogen peroxide on the response of the roots to aminotriazole. 
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Fic. 5. The effect of aminotriazole on the response of the roots to hydrogen peroxide. 
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control peroxide range of the 8- to 24-hour period so that the aminotriazole 
appears to be acting as a brake upon the development of the response to 
hydrogen peroxide. The results for shoot growth add no further information, 
as there was no significant response in the shoots to hydrogen peroxide. Since 
the aminotriazole penetrated and produced inhibitory responses in the shoots, 
it appears likely that the hydrogen peroxide was destroyed in the production 
of the root responses and was not able to accumulate in the shoots to an 
effective level. 

Any interpretation of the aminotriazole X hydrogen peroxide interaction 
is made difficult because, of course, apart from its reactions with IAA, peroxide 
in its role as an intermediary oxygen carrier can effect many of the reactions 
of intermediary metabolism. The simplest possibility which arises is that a 
large proportion of the hydrogen peroxide entering the cells is being broken 
down by the catalase system, with the accompanying production of oxygen. 
This rise in oxygen tension could produce effects of its own upon respiration 
and other processes also. As the interaction exists, the question arises whether 
aminotriazole acts upon respiration. It appeared an attractive possibility at 
this time that aminotriazole might exert its effects by forming an inactivating 
complex with the iron of the cytochrome system. Such a complex would 
presumably offset the effect of any extra oxygen resulting from the breakdown 
of the hydrogen peroxide, and thus explain the antagonism found, while, as 
has been pointed out by Hall et al. (11), the complexing properties of amino- 
triazole coupled with its similarity to the pyrrole groups may cause the iron 
normally utilized in chlorophyll formation to be withdrawn into a functionless 
complex. Thus reactions with iron in this way, would explain the principal 
observed effects of aminotriazole in grasses. 


(3) Aminotriazole — Dinitrophenol Experiment 

To obtain more information about the possible respiratory effects of 
aminotriazole it was decided to try an interaction experiment using dinitro- 
phenol, a substance which has fairly specific effects upon respiration. In order 
to reduce any side effects as far as possible, the seedlings were grown and 
the experiment conducted in darkness to eliminate photosynthesis. Each 
group of seeds received a maximum of 1 hour’s light during selection and 
initial measurement; however, while this has considerable effect upon the 
pattern of shoot growth, no visible greening took place. The possibility of 
using weak red light during these stages of seedling selection was investigated, | 
but it was found that red light did not differ from white with respect to its 
effect upon the zone of shoot elongation, which is transferred from the first 
internode to the coleoptile and later the first leaf, when the shoot is illuminated. 
Aminotriazole was employed in the same concentrations as in the previous 
experiments. The dinitrophenol was made up at 0.1, 1, 10, and 20 p.p.m. 
The solutions were found to be fairly acidic, and as previous experiments had 
been conducted with a pH between 6 and 7, the solutions were neutralized 
with caustic soda to a pH of 6.5. 


hg 
4 
3 
: 
| 
4 | 
| 
| 


RUSSELL: AMINOTRIAZOLE INTERACTIONS 


TABLE IV 


ANALYSIS OF VARIANCE OF THE GROWTH RATE VALUES FOR ROOTS AND SHOOTS IN 
THE AMINOTRIAZOLE-DINITROPHENOL EXPERIMENT 


Sum of Degrees of Mean 
Source of variance squares freedom square og 
Roots 

Aminotriazole 5,226 2 2,613 < 0.1% 
Dinitrophenol 16,640 4 4,160 < 0.1% 
Time 2,588 2 1,294 < 1% 
Interactions 

Aminotriazole X DNP 1,537 8 192 

Aminotriazole X time 5,059 4 1,247 < 0.1% 

DNP X time | 8 214 

Triple interaction 4,044 16 253 
Residue 7,526 44 171 

Shoots 

Aminotriazole 304 2 152 
Dinitrophenol 556 + 139 
Time 13,645 2 6,823 < 0.1% 
Interactions 

Aminotriazole X“dinitrophenol 626 8 78 

Aminotriazole” time 633 4 158 

Dinitrophenol#X time 956 8 120 

Triple interaction 727 16 45 
Residue 4,067 44 92 


The results of the analysis of the root growth values are shown in Table IV. 
It can be readily seen that neither the 2-factor interaction between the 
two substances, nor the 3-factor interaction incorporating times show any 
indication of significance. The growth rate values for the roots are shown 
graphically in Fig. 6. The dinitrophenol enters the roots rapidly producing 
inhibition of growth at the higher concentrations in the 8-hour period. At 
the lower concentrations a stimulating effect emerges in the 8- to 24-hour 
period, which persists, though reduced in size, into the succeeding period. 
It is remarkable that in this experiment neither of the two substances produced 
significant effects in the shoots. The analysis is shown in Table IV. In the 
previous interaction experiments conducted in the light, the aminotriazole 
produced approximately equal inhibitions in roots and shoots alike. Dinitro- 
phenol also produced equal responses in a preliminary experiment in the light 
to determine a suitable range of concentrations. It must be supposed that the 
difference found in this experiment is connected with the different patterns of 
growth imposed by darkness. 


(4) Warburg Experiments 

While the dinitrophenol experiment shows that there is no connection 
between aminotriazole and those parts of the respiratory process affected by 
dinitrophenol it does not of itself prove that there is no respiratory response to 
aminotriazole. It was decided therefore to apply a direct test on oxygen 
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Fic. 6. ‘Results for root growth in the aminotriazole-dinitrophenol experiment. 


uptake using the Warburg apparatus. The seedlings were grown in darkness, 
and the experiment was conducted in low light to avoid the formation of 
chlorophyll. It was found that 120 seedlings of an equivalent size to those 
used in the growth experiments were required to achieve a sufficient uptake 
of oxygen. The volume requirements of the flasks permitted that only 2.8 cc. 
of bathing solution be used. An attempt was made to perform the experiment 
using the same concentrations of aminotriazole and also of the other substances 
which had been used in the growth experiments. However, it was found that 
insufficient of the aminotriazole entered the seedlings in 24 hours to produce the 
characteristic effects upon growth and shoot coloration. This was undoubtedly 
due to a rapid decline in concentration of the bathing solutions owing to the 
small volume coupled with the large number of seedlings. 


A test showed that the responses of the growth experiments could be . 


reproduced in these conditions by using 10 times the original concentrations. 
To meet the objection that these concentrations are beyond the physiological 
level, a subsidiary experiment was assembled for aminotriazole, in which 
groups of 120 seeds were germinated in the former growth study concentrations 
of 20 and 80 p.p.m. aminotriazole for 60 hours and simply transferred to glass- 
distilled water in the Warburg flasks. To remove the possibility that a 
reduced oxygen uptake might merely be a reflection of reduced growth, the 
seeds were used in the experiment before any visible sprouting had occurred 
and while the volumes were approximately equivalent. In the larger experi- 
ment the seedlings were used at the same size as in the growth experiments 
and groups were treated with aminotriazole, hydrogen peroxide, and a mixture 
of aminotriazole and hydrogen peroxide—all at the high concentration. Two 
replications of each treatment were provided, and at the completion of the 
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TABLE V 


RESULTS OF WARBURG EXPERIMENT ON SEEDLINGS PRETREATED WITH AMINOTRIAZOLE, 
CONTROL AND 20 P.P.M. TREATMENTS ARE EACH MEANS OF TWO REPLICATES, 
WHILE THE 80 P.P.M. VALUES REPRESENT A SINGLE DETERMINATION 


Oxygen uptake, wl. per hour 


Pretreatment 20 p.p.m. Pretreatment 80 p.p.m, 
Time (hours) Control aminotriazole aminotriazole 
1 10.1 16.2 26.0 
2 21.4 21.8 23.4 
3 17.0 25.0 23.4 
4 20.8 23.7 24.7 
5 21.4 24.3 28.6 
6 21.5 24.7 
7 24.6 26.3 27.3 
8 25:9 28.8 26.0 
9 27.4 29.4 28.6 


experiment, as a test that the aminotriazole had penetrated satisfactorily, 
seedlings from those treatments were washed and grown on in Petri dishes 
with glass-distilled water. In 24 hours, bleaching of the shoots and inhibition 
of growth occurred in all cases, showing that adequate amounts of the 
substance had entered the seeds and seedlings. As aminotriazole has the 
slowest penetration of the substances used, it was assume! that effective 
amounts of the hydrogen peroxide entered also. The results on the pre- 
treated seeds are shown in Table V. It can be seen that there is an increase 
in the rate of respiration in the treated seeds. During the experiment one of 
the replicates containing seeds of the 80 p.p.m. aminotriazole pretreatment 
began to leak and readings were discontinued. In view of the obvious 
variability, it was desirable to carry out an analysis of variance to determine 
if the differences were of significance. As only one of the 80 p.p.m. pretreat- 
ments was available and the result did not appear to be too different from the 
20 p.p.m., it was decided to perform the analysis using the control and 20 
p.p-m. replicates only. The effect of the pretreatment was found to be 
significant at almost the 1°% level, and the increase in respiration with time 
to be significant at <1%. There was no indication in the analysis of any 
change with time in the response to aminotriazole. 

The results of the second part of the experiment are shown in Fig. 7. It 
will be noted that in this instance there was no difference between the control 
and the aminotriazole treatment in oxygen uptake. The experiment was left 
running overnight with open stopcocks; readings were resumed the following 
morning, but still no difference was found. This is of interest in view of the 
fact that sufficient aminotriazole had penetrated to give the characteristic 
bleaching of the leaves when the seedlings were washed and grown in distilled 
water. This result may indicate a real difference in response between the seed 
and seedling or, more probably, since the pretreatments were in 150 cc. of 
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Fic. 7. Effects of aminotriazole and hydrogen peroxide on the oxygen uptake of 
Timothy grass seedlings. Symbols: @ control, glass-distilled water; > 800 p.p.m. 
aminotriazole; © 100 p.p.m. hydrogen peroxide; A 100 p.p.m. hydrogen peroxide + 
800 p.p.m. aminotriazole. 


solution and had an exposure time of 60 hours, it may indicate that there was 
a higher level of aminotriazole present in the seeds, which in turn suggests 
that the respiratory effects are not primary but occur after the effects on 
growth and chlorophyll formation. 


Discussion and Conclusions 


The growth measurements upon which many of the conclusions in these 
experiments are based include increases in the length of roots and shoots that 
are due to cell division as well as cell extension. Though the extension makes 
the greater contribution to growth, it is not possible to distinguish with 
certainty whether added agents are affecting one or both of these processes. 
With the roots it would also be desirable to relate, if possible, the gross changes 
in the rate of increase of length to changes taking place in individual cells of 
the various zones of the root. The work of Brumfield (6) and Goodwin and 
Stepka (10) has shown that the so-called zones of division, extension, and 
maturation are not fixed in relation to the root tip, and may vary in position 
in the different cell layers, so that no simple picture has emerged to which 
over-all growth rates could be related. Burstrom (7) has been able to use the 
response of the epidermal cells as an index of activity of the whole root in 
wheat, but found that these cells often differed in response to those of the 
underlying layers. With present techniques a detailed study of effects of 
external agents at the cellular level can only be performed using a very few 
seedlings, and experiments of the type described previously are not readily 
possible at these limits owing to the great labor involved. However, it has 
been suggested to the author by Dr. W. H. Minshall that the use of root hairs 
may be of considerable advantage in these studies. Meanwhile it must be 
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borne in mind throughout the interpretation that growth changes in the whole 
root involve a sum of parts, which may include very diverse responses in 
individual cells. 


From the results presented it can be readily seen that no straightforward 
solution has emerged concerning the action of aminotriazole. It exerts its 
effects rather more slowly than either indoleacetic acid or dinitrophenol. 
Further experimentation would be necessary to determine if this is entirely a 
matter of penetration rates. However, there is no evidence of any interaction 
between aminotriazole and either of these substances. From the results 
obtained in the Warburg experiments, there seems no doubt that aminotriazole, 
given sufficient time to penetrate into the material, can stimulate the level of 
respiration of seeds. Recalling the experiments of Commoner and Thimann 
(8) concerning the effects of indoleacetic acid upon respiration, they found 
that if excess fumarate and malate were added to the system some 10% of the 
total oxygen uptake was under the influence of indoleacetic acid. In the 
present experiments no interaction has been found between either IAA or 
dinitrophenol and aminotriazole; thus the respiratory effect of aminotriazole 
is not related to those of either of these substances. 


A positive result which requires explanation is the antagonistic interaction 
of hydrogen peroxide and aminotriazole in the root growth experiment. In 
the Warburg studies the response to hydrogen peroxide was very rapid, there 
being an almost immediate evolution of a gas, presumably oxygen. Following 
upon this the oxygen uptake returned slowly to normal over the next 8 hours. 
This could well be due to the exhaustion of hydrogen peroxide in the external 
solution. The fact that the presence of aminotriazole with the peroxide in 
the Warburg test does not affect the gas evolution in any way is a strong 
indication that any interaction between the two must take place inside the 
roots, and not in the external solution. It suggests, but does not prove, that 
the interaction is not concerned with this enzymatic breakdown of the 
peroxide, because the peroxide was present over a much longer period in the 
growth experiments, whereas in this instance it is presumably largely destroyed 
before much aminotriazole has entered. A consideration of some of the 
results obtained by other writers suggests two possibilities. 

Firstly sufficient peroxide might persist in the cells by some means in spite 
of the various breakdown systems to exert measurable effects at 48 hours after 
the time of application, although an indication that the peroxide is largely 
or entirely destroyed in the roots is provided by the almost entire absence 
of peroxide effects in the shoots. However, if we suppose the assumption to 
be true, a possible form that the interaction could take is suggested in studies 
which have been made on the action of X rays on living cells. Bacq (2) 
considered that the chromosome breakage caused by X rays was primarily due 
to the formation of hydrogen peroxide in the aqueous medium of the cell by 
the action of the radiation. The peroxide so formed then caused chromosome 
breakage. He found that chelating agents such as thiourea, cysteine, and 
amines generally had a considerable protective function, which he explained 
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by assuming that they absorbed the free hydroxyl radicals formed in the 
process, thus preventing the accumulation of peroxide. The work of Barron 
et al. (3) has shown that peroxide at the concentrations produced by X rays 
has no effect upon cellular metabolism. They did find inhibition of cellular 
respiration in yeast, bacteria, and marine eggs at levels of 10-* M and 10-° M, 
and a stimulation of the respiration of Arbacia sperm at a concentration of 
10-> M, but these were considered to be due to free radical formation from the 
peroxide through the agency of ferric ions present in the medium and in the 
cells. Phillips (16) conducted tests of chromosome fragmentation in barley 
seeds in which he used a factorial combination of 2%, 4%, and 6% peroxide 
together with 0.01% and 0.1% Fe2(SO;);. The frequency of fragmentation 
was 15-20 times greater with the substances combined than with either alone. 
These last investigations show that it is the free radicals formed from the 
peroxide rather than the peroxide itself which produce the cellular effects, but 
the function of amines in absorbing these radicals as found by Bacq is 
unchanged by the altered interpretations. Aminotriazole has the necessary 
groups for such absorption, and this may provide the basis for some or all of 
the interaction found in the present experiments. 


Secondly, if we assume the complete destruction of the peroxide shortly 
after it enters the cell, then the effects obtained, which reach their maximum 
value in the 8- to 24-hour period, must be due to a secondary product, and the 
interaction involving aminotriazole must be with this product. In this regard 
it is of interest that Kenten and Mann (14) have shown that with low concen- 
trations of hydrogen peroxide, manganese dioxide is produced from manganese 
ions in vitro. At higher concentrations of the peroxide this product is reduced 
once more. Also, Siegel and Galston (18) have found that the peroxide 
generating capacity of plant tissues is markedly increased by Mn ions. Thus 
apparently a relationship does exist between hydrogen peroxide and manganese 
and it may be that the secondary product is in fact manganese dioxide or an 
activated Mn ion. The ability of aminotriazole to form compounds with 
heavy metals has been demonstrated by Sund (21), who found that stable 
complexes can be formed with cobalt, copper, nickel, iron, and magnesium. 
These last results were obtained in the course of soil studies, and do not 
necessarily reflect the course of events in living material. However, all of these 
observations point toa possible path for a peroxide-aminotriazole interaction. 
The hypothesis that the interaction involves the oxygen liberated by the 
breakdown of the peroxide can be dismissed in its original form, as the amino- 
triazole stimulates respiration, but should the additional oxygen have an 
inhibitory effect, it would still provide an explanation of the interaction found 
in the growth experiment, especially when it is recalled that in this instance 
the volume of peroxide per seedling is very much greater than in the Warburg 
experiments, and therefore oxygen would be produced over the longer period 
necessary to permit the entry of the aminotriazole. Thus we conclude with 
three possible explanations for the interaction found, and further work would 
be required to decide between them. 
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Finally Heim et al. (12) have recently published work in which they treated 
four diverse plant species with aminotriazole administered in various ways, 
and measured catalase activity and chlorophyll content. Their results show 
a wide range of variation, which may be due to penetration differences and also 
constitutional differences between the species. They made observations some 
days after applying the treatment, and in three cases obtained considerable 
reduction in catalase activity. In other experiments, performed on rats, 
catalase was again affected. In the rat experiment they measured peroxidase 
activity also, and founda 25°% reduction in activity after 3 hours, but at their 
next measurement, at 24 hours, the effect had disappeared. These results are 
of considerable interest as they represent a direct explanation of the amino- 
triazole-peroxide interaction. However, if the aminotriazole raises the 
peroxide level in the individual root cells, and peroxide is an essential in the 
IAA destruction sequence, it would be expected that a positive interaction 
could have been obtained between aminotriazole and IAA. This was not 
found, perhaps owing to a simultaneous blocking of peroxidase activity. Also 
the Warburg experiment gave no indication of any interference by amino- 
triazole in the breakdown of hydrogen peroxide, but this is also not conclusive. 
At the least it now seems very possible that a higher level of peroxide can 
exist in cells in the presence of aminotriazole, and it appears probable that 
several of the interaction systems suggested above may function at the 
same time. 
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